WO 03/ 023840 PCT/ US02/ 24007 METHODS AND APPARATUS FOR CLEANI NG AND/ OR
TREATI NG A SUBSTRATE USING CO2 Field of the Invention The present

i nvent i onwoedsakaesot o et hods and apparatus for cl eani ng amt/owso2kamat i ng
substrates and, nore particularly, to nethods and apparatus for cleaning
and/or treating substrates using CO2. 5 Background of the Invention
Integrated circuits (1 Cs), optoelectronic devices, m cronechani cal devices
and ot her precision fabrications are comonly forned using thin filns
applied to substrates. As part of the fabrication process, it is often
necessary to renove or 10 clean a portion or all of the thin filmfromthe

substrate. For eanMETHmDSmVDMRAWSEFOR LN VNG AND/ORf er s
including ICs, a thin photoresist Ty be a&&ﬁed to the

semi conduct or substrate an@%@ﬂ&@e&/@ws dlEd] {&X nants renoved from
surface features of mcroelectronic substrates after various manufacturing

steps (e.g., after post-ion inplant, “back end of the 15 line' (BEQL)
cleans, "front end of the line' (FECL) cleans, and post chem cal ‘
mechani cal planarization (CWP) steps) vary in nature and conposition
dramatical ly. Accordingly, cleani rﬁﬂrﬁ.ﬂ.@iﬁﬂﬂgﬂst eps nust -address these
contam nants with t ﬁ{b‘fja react
with, ionize, di ssﬂ? ?é%gﬁtqﬂﬁn%toglrgl%%?gozﬁ]éﬂhgéﬁ Si ﬁ (?\ﬁ?s\r?ggg%i&zlg&t egr% from
t he substr at e.treASn@@ibstuatbs aral, werd parficdariyyas eretlarnd asd hyEnitubios ebasiyigt ens,
and dry cl eani ng/ pr ocess E have, be 5 devel oped to address the broad
variety of wad&ORHEEMEU Strateéd'}?ﬁ’&ri bf the Invention According to nethod
enbodi mentg of the present invention, a nethod for 25 cleaning a

m croel ectroni c substrate includes pI aci ng the substrate in a pressure
chanmber. A process fluid includBagkgiensé optiwdave is circulated through
the -1 WD 03/0238 0 PCT/,US02/ 2 7 ch uch that th luid
contacts the subst te’flr'féchﬁ%égc})OP p Eoﬁ 5“&520 ﬁ%VICecSyB’Il?r(?QIe%%WS‘(Fj%ﬁVé%eéd
during at |easid @ﬂﬁ@pltebmbnofabﬁmoﬁi &P cofnintyciordkl Dgng fign Plas esfiedid Ui d.

According to further method enbodinents of the presenf invention, a
substrates. As part of the fabrication process, it is often necessary to remove or

10  clean a portion or all of the thin film from the substrate. For example, in the
manufacture of semiconductor wafers including ICs, a thin photoresist layer may
be applied to the semiconductor substrate and subsequently removed.

Contaminants removed from surface features of microelectronic substrates
after various manufacturing steps (e.g., after post-ion implant, ‘back end of the

15  line’ (BEOL) cleans, ‘front end of the line’ (FEOL) cleans, and post chemical
mechanical planarization (CMP) steps) vary in nature and composition |
dramatically. Accordingly, cleaning and treating steps must address these
contaminants with the appropriate chemistries and solvents to either react with,
ionize, dissolve, swell, disperse, emulsify, or vaporize them from the substrate. As

20  such, a variety of water and solvent-based systems, and dry cleaning processes

have been developed to address the broad variety of waste materials.

Summary of the Invention

According to method embodiments of the present invention, a method for
25  cleaning a microelectronic substrate includes placing the substrate in a pressure

chamber. A process fluid including dense phase CO; is circulated through the
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5 method for cleaning a mcroelectronic substrate includes placing the
substrate in a pressure chanber. A process fluid including dense phase C02
i s sprayedo anksssbhe substrate in a chanber. The phase ofpdIngsSo2aR07 s
cyclically rmdul ated during at |east a portion of the step of spraying the

process f| Uiad E]\Eygqg%ﬁﬁe ]{)ﬂé&é@?ﬁxﬁ%ﬂ%@ hﬁ&?tﬁeg%xaéehﬁﬂw Eeet

i nventi on, cleaning a mcroel ectroni ¢ substrate I ncludes
providing t hecm]iosliymbéulaﬂed daripg etslsast e potimmivé thecsiey af cifcmiptiag thequesess f | ui d
i ncl udi ng denae, phase CO2 such that the substrate is exposed to the C02.
The phase of Hd o2 i s cyclically nodulated by alternating CO2 nmass flow

betveen a SUPDIy 0l QRindnd it ARG Yose bt Shasb, and 2 | ow

pressure source. The supply of CO2 is at a hi 5 pressure than the
chanber anfl t hethodomaiesing emiaracledransc substaaté Uwhrdep plsmgrthe subatate ithe
chanber. According t.,o further prese venti on,

d . di t f
S hod | oy el i AR RO RTROGE TErt Ta%e COr iThety el hro M T he

substrate in gubsREBSHERaRRATTRE hﬁewmz fslcybiskalipehoimidieh @lenget phase Q02
is introduced into 20 the chanber such that the process fluid contacts the

substrate to ﬂdaetraaiwnm@%thesﬂqpofsmﬁngdte@rmsbﬂmi on of the process fluid

is renmoved fromthe chanber., he rti o roc dis
re-introduced into ﬁoég%lﬁgﬂtguerﬁerﬁgc Och %od{meuﬁ{]ﬁiﬁepr gxfsthlfﬁxéf"lr“lﬁ){‘Jod| ment s of
the preseny i megndiforcleging®ini@delbaifonid m@ura'temluaegpaﬁhﬁﬁg ﬂﬁrsubst&wmt rate

i ncludes placing the substrate in a 25 pressure. chanber. oc ss fluid
i ncl udi ng dengéfﬁﬁaééhwf |°§n@mﬁ%%ﬁ@§?§5|ﬂﬁt%lnﬁml%tﬁﬁi@? a§®€ 2tS thathe

process 1L ul deanbagisis ot RS | ﬁﬁggﬁgég%;;ﬂgzﬁcagﬁ%&mﬁw A

portion of the process is renove portion of
t he process f bykalernatinged, mmﬂémbeMambeupplﬁoﬂCQQlahdléﬁdhambequﬂate co2

from ot her co onen cess fluid. Th

re-introduced tfs‘@e‘? ﬁf’&gflﬂé BWPI%?@ETGFBWEI ?B ‘fﬁpﬂ%%fg%{sﬁéaiﬁ%ﬁd| ment s
of the pr @§en§;resaﬂ@mah%c}ﬁmb@pmew pfek 8RR £ IRrPpdsE@Bittn
substrate incfudes cleaning a substrate in a process chanber using a

process fl ui dthenbpmbétng C02. The used process fluid is -2 WD 03/023840
PCT/ US02/ 24007 reg&%egIF @%rtgg%,&}g{g%to e%lsbo%hagm thgl%fﬁg&ﬁ 38RAL gt ed fromthe

used process fluid use 0Cess chanber or
a further proegsifod fehdeditfig a miGeelectidibc ms@m@dﬂmtp&chfg thésubstres émné

i nvention, an apparatus for
pressure chamber. “ A process fluid including dense phase CO; is introduced into
20  the chamber such that the process fluid contacts the substrate to thereby clean the
substrate. A portion of the process fluid is removed from the chamber. The portion
of the process fluid is re-introduced into the chamber.
According to further method embodiments of the present invention, a
method for cleaning a microelectronic subsfrate includes placing the substrate in a
25  pressure chamber. A process fluid including dense phase CO; is introduced into
the chamber such that the process fluid contacts the substrate to thereby clean the
substrate. A portion of the process fluid is removed from the chamber. The
portion of the process fluid removed from the chamber is distilled to separate CO,
from other components of the process fluid. The separated CO; is re-introduced
30 into the chamber. '
According to further method embodiments of the present invention, a

method for cleaning a microelectronic substrate includes cleaning a substrate in a

process chamber using a process fluid including CO,. The used process fluid is

o,



cleaning a microel ectronic substrate includes a pressure chanber and neans
for 5 circulating a process fluid including dense phase CO2 through the
chanmber swwohos/ebsad t he process fluid contacts the substratreT/O3ve2&8ppar at us
further includes neans for nodulating the phase of the CO2 while the

process fl ui drérﬁomﬁtgn%erﬁyée@;agmu%ﬁcebgmsmtéd%&ﬂ B IR g4 Of the

present invention, an appar at us for cleaning a mcrog{edgsgar)gm ¢ substrate
usi ng a procedbeseparated 6k intiensgdde Heerodeas ehandlfer GER firthet pebesssahpmpas ur

chanber. A spray nber,.i s _operative to spray the process fluid onto the
substrate in the chXTBEINE t?ﬁg\%gglgldﬁpgﬂﬁfghﬁfgr@ﬁ%éﬂn\ieﬁ PRy @8 SPPHRIUA LOTf or
cyclical |y nodihingagnichrlehase sestrheen@ies AREQUA ddmber ARyt s of the

present invention, an apparatus for cleaning a mcroelectronic substrate
i ncl udes a pr eseilptinghpivsess fuishineludinggenselthape 66a slwotighuihd chambardiicty dense

phase CO2. A 1 s fluidl vy, connect abl e o.the .chanber. The
suppl y of Cozﬁ#égmg{prgéeﬁlggﬁgrc%%tra g gﬁfr%b§%ﬁ f&%a@?ﬁar%se@?tgﬂ ma&}a&dﬂ%ur e
source is fl ufdiiodutahgahephse bOthe I0O,GRAMIBE protlss AAWiHESSUERlatOUr CE i S
at a |lower pressure than the chanber. Fluid control devices are operable

to cyclically nodubst@dingdo Sithee empodimentsod thepresant itvantien, abgpgarates nat i ng

C02 20 nass f WEER; I (&% a t he £hanber,. and between the
chanber and %Cﬁ\egl%%g}v{/l pr escté%?%ﬁgfg@r%{%ﬂafccor ip (] tﬁ“\@%ﬁ%ﬁcﬁmﬁ? Phase
present i HyenClanncladesagpessaecharhibsr. Acdpeanineghbaer 1§l peREveas pedi Ge Subst rat e
i ncl udes a pressur f. a__process fluid including

chanmber and a supply o .
dense phase @Qc?qsﬁ}ﬁgnﬁ%ﬁe{@gﬁ%e tgthg ﬁ%aIEIPFdnt—}r@F apparatys firther includgs syst em
i ncludes a stijpehnd forbfHiNcalPRMBEOLESD: H0 fm@? and operative to
separate CO2 from tohe?dp_r g%%ss fl.ﬁ[?gd. ’?Egeg%cfigstl F)irz'ng systemis operative to
re- introduce the éepadingddedbrimenis of He mrhsembavention afi apgahets fohanmber .

According to odinents of the present .invention, an aratuys for
cl eaning a m@%‘é?%ge SRF c%%%?‘&’é? Sinely aé@%ﬁsbﬁe&g@gggr&?awg gont ai ni ng
a 30 process plovesd fiuid inetliding defsk iace 0BANY, Ju?ﬁlyrm% i@%ui&ﬁ?%xﬁfe@%ﬁﬁs fluid

fromthe process chanber. The apparatus furthéer includes means for
separating CO%® the skambaie The &epppr sisfaf gihighgnpreasunthan gre chembenihg t he

Subsequent uss PSS G 4G AERRtRBYs Db A ERbe iR TR et B0 mont s of
the present isoneseisahg lewep prsess thah ardeianes eRlid/cdnto] 88LcedhtdoRraubst r at e
I ncludes a Vet%scilcliéia&lg/ n?odsulllaqg %h%%%gseho%lt}?eeéoz -11-1{] 8‘16 chamber by alternating CO,
20 mass flow between the supply of CO; and the chamber and between the chamber
and the low pressure source. A
According to embodiments of the present inveftion, an apparatus for
cleaning a microelectronic substrate includes a pressure chamber and a supply of a
process fluid including dense phase CO, fluidly connected to the chamber. A
25  distilling system includes a still fluidly connected to the chamber and operative to
separate CO from the process fluid. The distilling system is operative to re-
introduce the separated CO, into the chamber or a further chamber.
According to embodiments of the present invention, an appafatus for
cleaning a microelectronic substrate includes a process chamber containing a
30  process fluid including CO, and means for removing used pfocess fluid from the
process chamber. The apparatus further includes means for separating CO, from
the used process fluid and means for returning the separated CO; to the process

chamber or a further process chamber for subsequent use.
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vessel defines a chanber. The substrate holder has a rotational axis and
includes front. and rear opposed surfaces. The front surface is adapted to
support tWwe @/esdastrate. At | east one inpeller vane extendcweseeewnd y from
the rear surface and radially with respect to the rotational axis. The

i npel l er vane is opeetatingeo etbodiRitatsaifehpieds st ridh, faf Rb&st inbeendi ng to
hol d the substrate to the substrate holder when the substrate holder is
rotated about 2iSREDEOIoaBsOWER 2 swbsirateppelndasgreysel ané a spbstratesholdsnafhe r

assenbly incl j o] ' r.vanes extendi ng.1Q rearwardly
fromthe rear Ug&ggf%g ggiél%&%%f'aﬁléy%ﬁtrﬁpfﬁéggﬁﬁs atrc?%?tWé’alf Sa?ni%dﬂg?éeéxi s.

Accordi ng to frontaereandppdsddesntfacedfl Tho&opt fK5RIE id d&éﬁt&ﬂit@ﬁupfp@rtﬁh’ebs'f rate
hol der for _use with a substrate has a rotational axis and further includes

front and °re8fbsBRSoLEdeastioneigwsliermgae prtands reppyandly from theaparsurfacs andppor t
the substrate I : e r: fromthe rear
surface and r%‘ﬁé\y&ﬁ\?\ﬁ&%ﬁ&?ﬁ {rhggggéé a% %ﬁghﬁgﬁér(gﬁé%ﬁ%&%a lggf)ésjr.g%ﬁ{[g i npel | er
vane i s oper agéeneeatt @ pgsmee differentjalt adingeo holidfthe substramlto tiendbagitd wibgl d t he
substrate to the subsirate {lﬁl der wh nbthgjsubs,tr te., holder is rotated

b ﬂF@? uf

about the rot StFHHEISugsHaLe hoserrigrog eqgiopaltaindirgisrablhfleudes  a
plurality of LHRgedsBRIbS&! asYHINS i [ / surface
and radiall ybvvi %ﬁ respece%S to ?h@“ﬁ%?ﬂ??%ﬁgt?%gﬁ?iﬂ%éB%ﬁ%%%ﬁ%ﬁg 0 net hod
enmbodi menl® ofearwardbyrfeera the ieanvemfacomd radialy moth fegpect tocthatdtatipnal adbst r at e

hol der about a rotational .axi s includes prayidin .Substrate holder. The
substrate hol der i gf?fglélg t?f‘gﬁ}efswhoﬁgﬁf“%c?g ag@ﬁf”fvﬁﬁté%‘?-'_a?ﬁlémlmont
surface is adagiedot OseswpRakEbsRR RN BFEthEdR] afk ah@BRtheP HRIIIEPEbAEGHA Vane
extends rearwardly fromthe rear surface and radially wi'th respect to the

rotational axiear opEYShEriaAGhs t The fom shuface is adaptaddosuppdibine subsirateotAdt | onal

axi s such tha ks essure differential, tending
to hold the }s%ﬁgst '?) ?gtu{ép?!)ér? %réé/ésa‘\g%sdts ?%?‘g&%hgﬁglgrtgé Eccg?rgfllcﬁgan ¢ 5adéa%'o“éﬁﬁhe nts of
the presebi i respat icothe ratatiores axis e Thhangedler vasdeopdnitideon déaeramwiadfiesture
substrate incl.udes .ahv%sel %ﬂg a s bstratﬁ hol der 30 assenbly. The vessel
defines a preddigratishisndiag to firalt © the pusiratediddas whenithecqubsieade o

substrate hol ggteds sRQSEdbbR thd @ tRHEASN:E Pff&%{%r, th Qx%séétpﬁ&ﬁgﬁdiﬁgngésder

including a front surface adapted to support ubstrate, a ousi ng
defining a sepbraiy pf dleampelier vapes extentlingmearsandly ftormthepem sadacepndvi des

fluid -4 WO 0%&%%3841 FéCT/ g}%ﬁtﬁ/ r20 0t07 communi cati on between the front
surface of the CUPst HateP sy ¥ AP PHE S econdar y
20 According to method embodiments of the present invention, a method for

rotating a substrate holder about a rotational axis includes providing a substrate
holder. The substrate holder includes front and rear opposed surfaces. The front
* surface is adapted to support the substrate. At least one impeller vane extends
rearwardly from the rear surface and radially with respect to the rotational axis.
25  The substrate holder is rotated about the rotational axis such that the impeller vane
. generates a pressure differential tending to hold the substrate to the substrate
holder.
According to embodiments of the present invention, a pressure chamber
assembly for use with a substrate includes a vessel and a substrate holder
30  assembly. The vessel defines a pressure chamber. The substrate holder assembly
includes a substrate holder disposed in the pressure chamber, the substrate holder
including a front surface adapted to support the substrate, and a housing defining a

secondary chamber. At least one connecting passage provides fluid
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chanber. The, connecting passage is adapted to be covered by the substrate
when the substrate is nounted on the front surface of the substrate
hol der. AwoamsaiRssdol ow pressure source is fluidly connect edTusoeheo?
secondary chanber. 5 According to further enbodi ments of the present

i nvention, a pomsamicatiorcbawber thasearBirfack OF tHeSabMatdhAdSUR kiAol das) Udes a
vessel and a substirate hol der assenhly. The vessel defines a pressure

chanber. The SBBEPFailbeAoIEEtingRAsEARs|ly2daptnd) tode sovered by theaubstratd when
disposed 10 1 R% PLERAUISnGRAIDA! the Hof AliRRL bRKE S}Q@slgrgfegbo%eg%‘ﬁ%gg?%mm

surface adapted to support t ubstrate, anda

secondary champiessure fouresis flutdly venreard ag thepecytiddsschbhibel conmuni cat i on

bet ween tgle pressuyre gharrbgl‘r1 and %hgl secondary chanber. At |east one
connect i ng” passage “°prrgRede futher prpbediments of kg Bresane investion, Berdsswat sur f ace

of the SubSTI ahniiRldibRN: uld\Gih BSAIALYnANAMARTessel Nq & QDOFEL! i paSSagE

is adapted to be covered by the substrate whe e supstrate s hounted on
the front surhssemblf Thveessebdifinms e phasbute chariberA The wulst@ssiolder a04hbey | S

fluidly connected to the secondary chanmher. According to nethod enbodi nents
of the pr esenl‘m’f‘ﬂ?éﬁf?tﬁﬁﬁteg‘oﬁc&alé\éosi‘egrmt AIERSHG hamgers thestbstiase bolderhst rat e

hol der in a piRkskies FORAEIHc i&é*)ééé%sxﬁfp%wt% Sbstate drld t‘}f“@%“-’ﬁ@flﬁg ;he

pressure chanber. A substrate hol der assenbly I's provide
subst r at el®ol seendars ghaehfri A reptaictivepassage pedaddseiuid commubatiombawbel der 20

including a f f ed to support th ubstrate, and a housing
defining a sg{(%g%%%% C@%@r}r%gagahﬁsef:%% Y@}?@b(?&nﬁéﬁﬁﬁﬁt@eﬁ%%ﬁgagg B#8%8cdes
fluid comunpratidesflulietonermitdionibeoienihd frageuthicd dans Msih@hsidpkder and
t he secondary , chanmber. The substrate is nounted on the substrate hol der

such that t het§usetndaneharbee rihecnancssing patsrerispdanedts. beroversdin the essur e
i's provided i &dsB8teSReR A Ystire GNATIRLD SDAE ﬂo%}l\glﬂ'mé.o%n‘laer}ufo%}{ %ogﬁérnm hod

pressure using a passive | ow pressure sourcCe. ccording to
enbodi nents of lowergasesentrce isvfuidiyaonnactedmtthostcbndarnohaiirg. a substrate to

a substrate hol der ,in ressyre chanber includes providing-a first
pressure in the préﬁ%%&@gé%%?g’éﬁmg&ogbm?%\fﬁge RGPH8 Anveatams mpethed 195y ovi ded
including a sublaidgatabhekdRr dhbsras ﬁéldmnta*}ﬁes%%%%%eﬁ%@m@{ pr?&igﬁlgsao

substrate holder including a front surface ‘adapted to suppor
substrate, anfrshprensussinribe pxsssunt elpnzbes.c donlistrare holdermssemWy iembrided i ve

ressete, b ov gl sy SOTLEALLED, IR e BiEa Sl g
conmuni ca2@ oninokidiwentréth eurffacenidaptdd WRWPB6R 2RkB8stHEd,HEA2H034R defining a
.secondary chamber. At least one connecting passage provides fluid |
communication.between the front surface of the substrate holder and the secondary
chamber. The substrate is mounted on the substrate holder such that the substrate
covers the connecting passage. A second pressure is provided in the secondary
25  chamber that is lower than the first pressure using a passive low pressure source.
According to further method embodiments of the present invention, a
method for holding a substrate to a substrate holder in a pressure chamber includes
providing a first pressure in the pressure chamber. A substrate holder assembly is
provided inciuding a substrate holder disposed in the pressure chamber, the
30  substrate holder including a front surface adapted to support the substrate, and a
housing defining a secondary chamber. A restrictive passage provides fluid
communication between the pressure chamber and the secondary chamber. At

least one connecting passage provides fluid communication between the front
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surface of the substrate holder and the secondary chanber. The substrate is
nount ed on the substrate holder such that the substrate covers the

connect i ng0 BaRsAge. A second pressure is provided in the Pavsvdasp7chanber
that is lower than the first pressure. 5 According to enbodi nents of the
present inventdpfce 8f Ak SSSHE g@| f r i ni a.fluid

i ncludes first anglesecond rg a@%g%&glg%gga éy%héig{l’bﬁbg’}ﬁed%%}ﬂ?tﬁﬁ an

encl osed ‘charmbmounted om tifel subsirateladqratith it edubgrats eovetshe cdimebaly to  an
exterior region. An inner seal nenber  is .disposed along the |eak path to
restrict flowSTReF &t ¥OPHORRIHE 18R ipdhg srsordars ehaspber ghgit sriowain out er
seal menber i shdPidifERgRedul ong the | eak path between the inner seal
menber and the exterior region to restrict flow of fluid fromthe chanmber
to the extérior regheserdiiaé ¢émbrsiimemabf thegmesent insemtionyp pfegdire chi@sRFdi Ng to
further enbodi ent f the.pregent. i.nvention,: a pressure chanber assenbly
for retaini ng_%g??‘a?' R rﬁ@ﬁpﬁﬁ@gﬁpﬁ@?lu ?Foérékmc‘?’éﬂ Iﬁain\Y%lWeﬂa?)a@%ﬁ)iﬁ%I e
casi ngs def i ni finaiy ANBCRSEICHRABEPAII ANGid3edd bt e&t@rﬂ;ﬁnp%g tgé‘Eﬁﬁ‘iBe?go from
the chamber to an exterior region. An inner seal nenber I's disposed al ong
the | eak path 3FEXEEHE r¢gion. f Apiiner seal wiethber ismispoeedcdlamdrée 1dak patietoeastéeti or
region. An o | r.1 s, di.sposed al ong the | eak th hetween the

i nner seal nelrﬁ)og{r;fgﬁlg e gexc &Pbg;to Y ?flqrﬁe%%t QU SEAVRFNGEF 15 d fr om

the chanbdO t disfoecdalbey ihereak(atteigit@ten the enrieP 86 nf@Mer BRI @%xfeﬁo@regféﬂ seal .
The inner seal nenber is agted to restrict flow of fluid fromthe
chanmber to t hd&sastiflow ofdlnd fromyan chambesde theeexteriar megions HEebsnerexdeeds a

pressure of thge r%é@*ﬁp&%ﬂi on. The outer seal nenber is adapted to
restrict flow of urd fromthe exterior region to the chanber when a

pressure in the chahiverdingtd fashertendndimanessie erabntiReertivhef pregsufeedi on. 25
ntion, a pressure chanber

Accordi ng to embodi nents, .of, the, present inv )

assenbly for ﬁ?{b@@g?sqsﬁednst&yéﬂﬁgﬁa%%a ﬁH’élI li}&@ge%ﬁrﬁ?@’sdsﬁﬁ@ldvré%éﬂ}’defi ni ng an
encl osed 191 esspHreble bATRAdefifing WAShEIBER I | F5 ] 95&{1;; ressure
chanber and is lbbrartdapt eél toehlolng t he subst(rag{%gfaﬂg%gi@g a sg{ té}m:?nsgooper abl e
to nove the sdissr thetchamhen td@n exterier weione Axssmabiepl nemberde dispodadragingdr i ve

nenber connec trate. hpld for novenent therewith relative
to the pr essu&}géjl\‘/eélgg&etpq%ﬁegugyHé‘é’@%ﬁ&%ﬁ?@%ﬁ@m‘?‘arf? CHIIPE TR\ r om t he
first drive nmouteseAnegnitee ipligRssd GonehRIRRI patbsieYe tdhder ksl GREIRP! € to
nove the. second, drive menber. The drive unit is fluidly isolated fromthe

first drive néRbEle SHIOF FReiQn Wastirie fiavaabBrid figme thechamber to the exterior

20  region. The inner seal member is a cup seal. The inner seal member is adapted to
restrict flow of fluid from the chamber to the exterior region when a pressure in the
chamber exceeds a pressure of the exterior region. The outer seal member is
adapted to restrict flow of fluid from the exterior region to the chamber when a
pressure in the chamber is less than a pressure of the exterior region.

25 According to embodiments of the present invention, a pressure chamber
assembly for processing a substrate includes a pressure vessel defining an enclosed
pressure chamber. A substrate holder is disposed in the pressure chamber and is
adapted to hold the substrate. A drive assembly is operable to move the substrate
holder. The drive assembly includes a first drive member connected to the

30 substrate holder for movement therewith relative to the pressure vessel and a
second drive member fluidly isolated from the first drive member and the pressure
chamber. A drive unit is operable to move the second drive member. The drive

unit is fluidly isolated from the first drive member and the pressure chamber. The
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WO 03/ 023840 PCT/ US02/ 24007 second drive nmenber is non-mechanically
coupled to the first drive nenber such that the drive unit can nove the
subst r at emaood3dess4vi a the first and second drive nenbers. P&EIZSIdRINGY7t O
further enbodi ments of the present invention, a pressure 5 chanber assenbly

for processin tr I:ncl udes, a.pressur ess defining an .enclosed
pressure cha ésgds%?\zeu%glﬁjfggx{ lg %ﬂhoj'?nc%?%}]gauﬁ i€ B%lggéo ﬁ"ﬁ%rﬁtefrﬁlf é%e&g?eé Sl(]:‘i}ilanber

and i s adapt ethat the deibvel uhib earsmasé thatsebstAt M viLthe firvandssembldyive s oper abl e
to nove the substrate holder relative to the pressure vessel. According to

further embodM§BRES of the present invention, a pressure 10 chanber
assenbly for. procegsing Hgﬁ’ i: .\ e fining an
encl osed pressure %E%dr%glggtgn %%Q%Q?de@%t?%gF?)heeﬂqr%eﬁfﬁl%ﬁ?tbo:ﬁdﬁ?%lrsr%%gi cation
with the resdmuter adsambbyrfor Arosedsiiigradubstiund thetudes a Prespas eesstindelfiitigpnessur e
chanber and is_adapted to hold the subsirate. A drive assenbly is_operable

to nove the sERSYAIPAPESHEE QRamber) A jubgiraiphelaer is dispesnddn jhasrressure ghamper ve
assenbly i ncl yudi: i Vel | et LEd i f the
pressure chan%?rleggﬁjé%dlégm@e)a Sgﬁ%ﬁ Reé% }er{a %‘%&openiaﬁé%“%%%%f%ge tt(ao ‘
enbodi nent s ofmovhthepnbsmnt holdergalativnto the preesseivesselhanber assenbly i ncl udes

a pressure vessel and ard heat er .assenmhly. The pressure vessel defines
an encl osed chanbegf"cofﬁlé‘gg‘&meﬁ@ﬁg%qlmﬁg@rér?ﬁﬂ%/e;/ersr?@F ﬁ’d@’%tl%f‘_’éﬁﬁsﬁnﬁp heat er
di sposed @ tHRntRABREHbB @Y Ffbk@isﬁ%%%@b@%té"ﬁ@[hd@s&%fés%@%é@_@l RGhInR Of

the pressure vessel and a holding volunme. The guard heater is adapted to
control a teensérsad pressuse chanebdnehd amextomdrapeninghie flgicheanmuritasionivth nsul at ed

f h di ' , 4 . '
erbodi nont o of SbRe-RP sBahber T Bhelrlf nBERES Aot hR The S S8! el o™

surroundi ng pRradimed &f hdideheBubS B, €A \IESS isetibly R@pambiens Mok ity gap

t her ebetween. Preferably, the insulating gap has .a wdth of at least 0.1
mm  Accor di n#bsate Satderiehatiye fe RiePressure esssh dacedive assenlly drrludinga guar d

heat er asgenb [ I 'Hésdfl ' o | ' et ween

t he guar dﬁﬁea%lée{lrdd%gr?g t eﬁgt??éréggrngéer% porﬂ:t%iI %%9%'?@ %P%ﬁk%% éésjg%t?%%@g}é%el.
Preferably, tésaernaypeniof. 30 i nsul ating material has a thickness of at |east

0.1 nm The guard heater assenbl.y may further jnclude a second guard heater
i sposed 1 The. CHARBERE A ST PUEEeAS Carean SuttoA g SSRT SHeRg. por 1 on

og thg»»ltor es SiisEnM9SAald@nthrediarenRbl Al ¥ ShdtiBeatdNBsSREINA HE BRisslrbieat er s
adapt e 0]

vessel defines an enclosed chamber. The guard heater assembly includes a guard
20  heater disposed in the chamber and interposed between a surrounding portion of
the pressure vessel and a holding volume. The guard heater is adapted to control a
temperature of the holding volume. The guard heater i§ insulated from the
surrounding portion of the pressure vessel. _
According to some embodiments of the present invention, the guard' heater
25 and the surrounding portion of the pressure vessel define an insulating gap
therebetween. Preferably, the insulating gap has a width of at least 0.1 mm.
According to some embodiments of the present invention, the guard heater
assembly includes a layer of insulating material disposed between the guard heater
and the surrounding portion of the pressure vessel. Preferably, the layer of
30 insulating material has a thickness of at least 0.1 mm. |
The guard heater assembly may further include a second guard heater
disposed in the chamber and interposed between a second surrounding portion of

the pressure vessel and the holding volume. The second guard heater is adapted to
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-7 WD 03/023840 PCT/ USO02/ 24007 control the tenperature of the hol ding
vol unme. The second guard heater is insulated fromthe second surroundi ng
portion oWwad@pruessure vessel. A fluid spray bar may be rmaumrsed2im7t he
guard heater. A substrate holder nay be disposed in the holding volune. 5

According to epheditheRinpeturt BEHRHERENY vc%clfiﬁ({;%”g%é’gecoﬁd %g&ﬁﬁlg?tglcgﬁg}) %es a

assenbly for use with a substrate and a roce
vessel and aisyplagd memitks secqriveswmmssding geftiones tle mrhandreresseThe spray menber

includes at |east ,ope,spray port. forned therein adapted to distiribute the
flow of process fldt mdéﬁliag%?*ﬁ@a%%g}%feg 1 etg’t‘ér@ﬁé?%eﬁ S"‘gﬁéat%E‘PlQV member
i's operative hfyRiAdRsabAhe RoldBghehatd onal axis relative to the vessel

responsive to a flow of the process fluid out of the spray nmenber through

the at | east one spragrdpigrte enmphdimaptsssf thepissnt iraygniiom; laypdecess ctiastbei but i on
portion incl udg] istri o] hann t herein, .the | east qne spray
port extendi ngéstgrg%’% {oﬁg?e\g\ﬂg? %P%Brﬂ% g@%gfprpgesg@péf%aﬁpgp %’f’esﬁﬁé‘ngpray
menber. 15 The spfafﬂn(ih’;lﬁier.omﬂe S@sEdeAnEd a SRMRX! ERsRdy ABMBRIhEMeL & T espect
to the rotational axis. Preferably, the at |east "orie spray port extends at

an angl e of esiNesPRE POt formgddhesingrdgpied $o distributectbp dow dfprodess fluitlat i onal

axis. The pro BAJIRSE ; i ude .a plurality of the spray
ports for nedgﬁtr%l)sqlﬁe sp%gﬁé% er?{erggpfl i Sgée\agrl?er%beﬁé@oﬁéaqvﬁ%(%Foﬁ?)tgélgo’“ﬁé‘t ween
t he spraylOrenbeati@nbatihelativs sethetvessehtdsponsivel takifloty thapioeBssFREIBERIbLI he

spray nmenber and the veﬁsel. ccording to further enbodi nents of the
present i nventiCoRT2YdnEH eé)}hroﬁéhg]@rat 1638t QIE SPTAYIRQE ng a fl ow of process fluid

onto a substrate il‘rﬁég&ﬂ@?ném%emﬁyi %rdigﬁp{x%gv{%lgtiéﬁidcﬁaﬁ}gﬁone spray port

formed therein adapted to distribute the 2 processfTuid onto the
substrate in tisgitotianbkanneTtheregp thayat heastere spemy popexadniditg fran tiat at e about a
rotational axis, nhesponsive to a flow.qgf the process fluid out of the spray
menber th_rougﬂlsfrﬁ)élﬁg?c aé’ﬁgl_ttogﬁgngﬂ?[%%ﬁépﬁyrg‘f'l'@gesrpray menber nay include a
di stributi®n channthe hfleisebie spriiepdtt magaslend AN SIUAYitR ¥shec@Xs BRI ng from

the distribution channel to exteriorly of the spray 30 nber. The at

| east one spr EfatiRsRt ainyPreferabh) tha atderAshoryl wray port eepiset an angltef rot ati onal
axi’s.  Pref or afliect BioufS chf35 ho0R S ANpRIS uSXLERYRI Blisan andl e Of

The process chamber assembly may include a plurality of the spray ports
formed in the spray member.
20 A bearing may be interposed between the spray member and the vessel to
allow relative rotation between the spray member and the véssel. |
According to further embodiments of the present invention, a spray
member for distributing a flow of process fluid onto a substrate includes a spray
member including at least one spray port formed therein adapted to distribute the
25  flow of process fluid onto the substrate in the chamber. The spray member is
- operative to rotate about a rotational axis responsive to a flow of the process fluid
out of the spray member through the at least one spray port.
The spray member may include a distribution channel therein, the at least
one spray port extending from the distribution channel to exteriorly of the spray
30 member.
The at least one spray port may extend at an angle with respect to the
rotational axis. Preferably, the at least one spray port extends at an angle of

between about 5 and 85 degrees with respect to the rotational axis.
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bet ween about 5 and 85 degrees with respect to the rotational axis. -8 WO
03/ 023840 PCT/ US02/ 24007 The spray nenber nmay include a plurality of the
spray porw® d3gessad in the spray nmenber. The spray nenber paayusoneloode a

bar - shaped distribution portion, the at |east one spray port being forned

in the distributi ' javel : i nclud
i ok- shaped di stiTDOrTbRe RS T n ey EpfereBfor B SR HoATORRR s ng”

formed in thesmtapsmentbat.i on portion. According to nethod enbodi nents of the
present invention, nmet hod of applying.a process flujd to, a substrate

i ncl udes pl acing t'ﬁge SUBS RO Ry g“’éﬁ‘&%ﬁ@f‘“@@dél%@g@m.P0A1°§pﬂ1§;at menber is
provi ded I ncl ¥ainge 3pral 388 bheRB TN tROLibiribALTR Horkin | ARERbfivel{ e PY OCESS
fluid is distributed fromthe at | east one spray port onto the’’ substrate.
The spray renspray insmbet mep thchivle atdisk-shaped distmibutian psrtioa) tht aneast ond he vessel

by flow ng the process fluid.out of the, spray menber through the at | east

one spray pp?ptrgy%fgﬁlpgfﬁnegﬁé %é%%l?ﬂ“anRP ®#on will be appreciated by

those of ordinary Ad&raiishd metholiRELBAIMIEOMR e gg@&&tﬁgveﬂgiﬂﬁ,p%?éwdi&es and
iments that follo

the detailed description of the preferred enb w, such
descri ption baiphgngspedopss flnidse 2 aabistrate ahcluddselaningsthn substratenn 2 chamBeri ef

'

Description ofs't . 0, Fi.gure. 1 .i.s .a.blo i agram of an appar at us
according to (gefrﬁ)geglsér?’b%[%sn r%?mglinhzr lnge%V Cf?fl lﬁiﬂgglﬁgiaﬁﬁ,asq@pgapréy port 301516 | ock

di agram of0 a hbeid. SThey/procasp flyidcie Aidtribuedd fMem S¥S htelBast bes Priydpait Sk theof the
apparatus of Figure 1; Figure 3 is a block diagramof an alternative

cheni stry supPlb§tesndhe SEAY Agmbesis sgtated rbewramoigionaksxis relstive tocthaypsselat us of
Figure 1; Fi o { agr | Lve . stry
cuppl v/ condi {1 o0 lenepRes el 8cR e or bk leh S o ™)
Figure 5 is apdt.ock diagram of an alternative recirculation systemformng
a part of the apparatus aof Figure 1; 30 Figure 6 s bl ock di agram of a
further alternativ gﬁg_@ﬁ?{}{ﬂlﬁ?ﬁ%ﬁ%%p@m’lhf rWFFg‘jlaéEdg?aYr"s"oﬁ?fOfloﬁgngﬁpar at us
of Figurepsl; FiWU e brt fforfa PRfHE HHIROA AT OinPihd WRRIYS HESANRIYLfIYSt em

according to )
preferred embodiments that follow, such description being merely illustrative of

the present invention.

Brief Description of the Drawings
20 Figure 1 is a block diagram of an apparatus according to embodiments of
the present invention;
Figure 2 is a block diagram of a chemistry supply/conditioning system
forming a part of the apparatus of Figure 1;
Figure 3 is a block diagram of an alternative chemistry supply/conditioning
25  system forming a part of the apparatus of Figure 1;
- Figure 4 is a block diagram of a further alternative chemistry
supply/conditioning system forming a part of the apparatué of Figure 1;
Figure 5 is a block diagram of an alternative recirculation system forming
a part of the apparatus of Figure 1;
30 Figure 6 is a block diagram of a further alternative recirculation system
forming a part of the apparatus of Figure 1; |
Figure 7 is a block diagram of a supply/reéovery system according to

embodiments of the present invention;



enbodi nents of the present invention; -9 W 03/023840 PCT/ US02/ 24007

Figure 8 is a cross-sectional view of a pressure chanber assenbly accordi ng
t o enbodi weni3m2sf40t he present invention in a closed positiraT/USOBRgWre 9 is
a cross-sectional view of the pressure chanber assenmbly of Figure 8 in an

open position; 5 Fipgd e 8]19a'c§os§s§crtf3ﬁ§1 QQQB%E%SSME%err%?se%r guard

heater formng a part of pressure cha re 8; Figure
11 is a top plesgerdingée cmbdzdlmenrqspéthegnnmdt 1heeﬁtﬁ>|n inf cldsgdpbesifldli; Figure 12 is
a bottom plan viewgof t uard heater ,of Figure 10; Figure 13 is a
cross-sectional vi SBF dS?(SWéFS PRl Vi P Yhefpé‘?sﬁnﬁg amgarratssemhjy@f t he

pressure chanwurggs;ﬁrgquog ,g{)osﬁ;(gpre 8; Figure 14 is a bottom plan view of
the | ower guard heater igure 13; Figure 15 is an enl arged,

cross-sectPonal , fFigpredfas @lcmssewcnbna;l véevpomsuprer godrd ibster PaaRIEH part

Figure 8; Fig .S _a spectr of a cup seal formng a part of
the pressure %ggj gﬁgﬁ,}gg hgrgégr?ﬁ:fe\}n Oﬁ‘-'gﬂf"egﬁ Figure 17 is a fragnentary,
perspective vi ew oFigu#e 1¢4Pa epdlarP¥iewiod Wetuphs guaFH QetEr il

cross-sectional vi ew of a pressure chanber "assenbly accorgérng to further
enbodi ments of the tﬁ*’é’gé?\tis4h®ﬁmpbnvmrgmlegm@drl@a‘arofE@mrsk@;t| onal view

ot eaent - nvent | on: TEurE 3 Foptbss-eBET SIS O oot phardBraiEionpianaRsta par
of the pr é@suoﬁthecpk’fasmemhmwmeynb@ioFF%P@S,l& Figure 21 is a bottom plan

vi ew of the chuck f Fi gg 0; Fi ure is a cross-sectional view of the
chuck of Figure 20 lué‘lfé OnQB apfyiey pifle bowergupyd Iriatpn oEFigre B;gure 23

i's a cross-secti onpley, g érﬁmﬁ%c?‘%cﬁg s&tRESSRY grgsrg[%?ﬂgﬁw 0&%3’?%'?

according to further enbodi nment s e preseh is a
top plan vi e\/\ﬁhﬂmlare%lmlblyqurlhgmq&; part of the pressure chanber assenbly
of Figure 23; 30 Fg%u 5 IS a cross-sectional view of the chuck of Figure

24 taken al ong §5a %sggfztrﬁ Yav el s gup seal forming a part of the pressure
15 chamber assembly of Figure 8;

Figure 17 is a fragmentary, perspective view of the cup seal of Figure 16;
Figure 18 is a cross-sectional view of a pressure chamber assembly
according to further embodiments of the present invention;
Figure 19 is a cross-sectional view of a pressure chamber assembly
20 according to further embodiments of the present invention;
Figure 20 is a top plan view of a chuck forming a part of the pressure
chamber assembly of Figure 19;
Figure 21 is a bottom plan view of the chuck of Figure 20;
Figure 22 is a cross-sectional view of the chuck of Figure 20 taken along
25  the line 22-22 in Figure 21; '
Figure 23 is a cross-sectional, schematic view of a pressure chamber
assembly according to further embodiments of the present invention;
Figure 24 is a top plan view of a chuck forming a part of the pressure
chamber assembly of Figure 23;
30 Figure 25 is a cross-sectional view of the chuck of Figure 24 taken along
the line 25-25 of Figure 24;
Figure 26 is a cross-sectional view of a pressure chamber assembly

according to further embodiments of the present invention;

-10 -



Figure 26 is a cross-sectional view of a pressure chanber assenbly
according to further enbodi nents of the present invention; -10 WO 03/023840
PCT/ USO2/ @403023Hogure 27 is a bottom view of a spray nentraT/éenimg a part
of the pressure chanber assenbly of Figure 26; Figure 28 is a
cross-sectional view of the spray nenber of Figure 27 taken along the |ine
28-28 of Figure 27; Fz’ugld'eaﬂﬁghmtmrﬁgiduso@aip@iﬁﬁmblaﬂanﬁh@%%@tﬁ@ray nmenber
according to furt her nttP) s of the_present invention. Detalled

Descri ption of PIHErpChay elr@ase o%‘i’ﬁfgﬂ he present i nvent| on now i s

descri bed nore full e 0 the n

drawi ngs, in which gﬁ%rﬁﬁgﬁ%gc%&& gféftﬁ@s@gﬁx\ﬁ}% 1?658 n@ﬁ%‘f IglJTh| S
i nvention may, ﬂ%ﬁéwmewﬁﬁﬁguw’l andany different forns and shoul d not
be construegi as Ilm&,t tzg th errbodl ments_set forth herein; rather, these
embodi ment s” are prov 8822 & & RO Riak Vigwsef 3 sRraR mgmber assording toufgthemd

corrpl ete, and Wnbbdlfﬂéhisy)qug%n{ﬁweﬁﬁﬁ e of the invention to those skilled
in the 15 art. The present invention relates generally to, inter alia, the
cl eaning or treating of mcroel ectronic substrates (such as sem conduct or
substrates) during or ent _ta the ufact |ng of integrated
circuits, mcroelect ronisﬁlel%e e ”% /30, EERNLE SUIENES| ect r oni c

devi ces. Renoval of Thupﬁemm@ﬁﬁmdiﬁ&tc&scﬁ@oe@%re%le)’l‘r‘éfjﬂ%ﬁect\h%ha key step
in the int ratei:d circuit fabrication process are numerous cl eaning
st eps (comhbnl FIFTEReEtp %CSOIBWVM%H%’!@%S* 1n whieh plafﬁmeda:mhmdlmm@@ﬁﬁs The

different typeg, | £ f si on front end of the
line post-ash clvgrfélt}lds}1 ack eﬁéﬂqﬁveﬁxﬁgnﬁ{ %‘6 S5 e 8F1é@51r1§ maﬁy‘ghfﬁg@%
deposi tion cl fams and stonid eride obndtied bs nﬁmtadi aste eﬁibbaiaaenl@@s%kf&ﬂl%e%nt he

line clean/strj §1 Etgst- n 25 |S£I anta ion cleans and post-chem cal
mechani cal pl aif&tFZ8vFSHOP IscAre gy ed‘FHélﬂfét@ﬁélsﬁ@ﬁyetwﬂésﬂm‘rduglmndces of

parti cul at es %wnﬂ@tetaafa'»ﬂﬁ%m edhvfevaae 85 SEAL LA AR e HlIfeRR IR °

and cont am nants may be nol ecul ar, " i oni c, om c or ure. The
source may e @l'hherent (e.qg., redep05|t|on of re5|st) or extrinsic to the

process (e.g. art). The shift of interconnect systens shift
from Al /Si02 to Cu/ ové5 gﬁp?lélgeelﬁiogr 155 SERRIR I B ipg d¥er 4l theejeapingadtt ect i vel y

addressed usi nigeatihg oftRfidioclsctnit fPp2dted Wch as semiconductor substrates) during or

subsequent to the manufacturing of integrated circuits, microelectronic devices,

MEM’s, MEOM's and opto-electronic devices. Removal of surface contaminants

20 and particulates is a key step in the integrated circuit fabrication process. There are
numerous cleaning steps (commonly referred to as "cleans") in the fabrication
process. The different types of cleans include pre-diffusion cleans, front end of the
line post-ash cleans, back end of the line post-etch cleans, pre-metal deposition
cleans, front end of the line plasma strip, back end of the line clean/strip, post-ion

25 implantation cleans and post-chemical mechanical planarization (CMP) cleans.
There are many types and sources of particulates and contaminants in the
fabrication process. The particles and contaminants may be molecular, ionic,
atomic or gaseous in nature. The source may be inherent (e.g., redeposition of
resist) or extrinsic to the process (e.g., wafer transport).

30 The shift of interconnect systems shift from Al/SiO, to Cw/low-k presents
new challenges that may be effectively addressed using the methods and apparatus
of the present invention. For example, a primary problem with the transition to Cu

is the tendency of Cu to corrode when exposed to an oxidizing environment,

-11-



of the present invention. For exanple, a primary problemw th the
transition to Cu is the tendency of Cu to corrode when exposed to an

oxi di zi ngwemsiessaoent , -11 WO 03/ 023840 PCT/ US02/ 24007 beausse2@wodoes not
have the sel f-passivating properties of Al. Corrosion of Cu during cleans
of dual damascene structures can result, in high contact resistance,

under cut ti ng BRFRUSS d@?&n%zwf%@e selEpassiviating PEperties of hér EpyosienieicCug

circuit yieldg,. | L AL : O I

compat i by |y mind St B RS RRD SE, LRSI Pileh M B0 SR el
it has been dendmettting ad liftaff dthadiclecthienasts, itlesclgamdicingridd ydelds.ot her
inorganic spin-qn dielectrigc filnms, causes via, poisq@ning. Aspects of .the
present i nvengldgﬁloﬁﬁf(’&aﬂfl% %Vetfjﬂ%usﬁ‘ﬂj?‘i‘ ﬁmq%&me%m@ﬁ@tmﬁbty fragitiendf t hese

new i nter conngrh, Syl fiwk pitddhid, @Is%?ﬂ&zﬁpfe?ﬁgﬂag HEdh demndrABPAEALHE e 10

according to preferred 10 enbodinents o resent 1 nvention 1's shown
t herein. As i tharsistrias gal fromdOSGppdothtnisorg@nicspadaptiettctric filhsacausesswia f ace of

a wafer substrate.5. ' Howev it wll be appreciated by thos f skill in
the art from P?féor&}@%‘c?*?%et\g’fso(ﬁ! hrapresent ‘cnﬁﬁrtmq}la‘?‘g}‘)ﬁgére?ségf &‘Xré?ﬁé{ﬁgalg@ﬁg’@t s of
t he appar at uscRpgk dfEeseRbRagerdassch g}g@é;ngjer ei nbel ow may be used-for

cl eaning or otherw se treating wafers or other types of substrates or 15

wor kpi eces. Addi t i 8ig teference touFligurpd, ampappevites Hiadeprdingtepreferreki || in t he

art fromthe [1.pLi herein. that wvari Qus.,conponents. an t eps as
descri bedli(ger %ﬁﬁgﬁ&eg% chrerrtéeyp : %ng}%t"flgg’& 5 POVEN SIS (AF lrﬁ&usg?ﬁﬁg’rtﬁ?f or. exanpl e,
conventi onal ) agmefRenENisedasted & Efdh ArRAPPOOPHMabrSubsthe SvafiewevarTewilbe, for
exanpl e, a wafer of sem conductor material such 20 as silicon, silicon

oxi de, gal | i ubf apResiatad by dhase offpldll ythe ertrora sheadesomrtionrharein that vgiawsar wor k

surface 5A ang.aR.ORAOShAG: SHRSLANHLA by AL AR ITHINLACE B8, A

continuous or discontinuous layer of waste nateri a I'Sposé
surface 5A. Theuswdoeclbayey oneherbaseardatiye waldrs phother tgpessdf,substracdsiove i on

etch resjdue, chem cal ,nechanical. polishing residue or. post-io

il ant at tlgn_ regimites. 59 ﬂ&%&\@ﬂ%&a@m‘ﬂaﬁw gﬁ%f&@ﬁ?ﬁm%ﬁg e
may 1 ncl ude | B&HadChtinThA3ati6us oRPoAEAtY i Sea on
stryenic, acryli c,ﬁﬁ'?lovollgc, cycll‘ilsc g}ﬁgf iEE‘rllti C ﬁtg?éeji o %ﬁl%rh%g%{%ési ns; etch

resi due basedmebi be omittesd orfrepleegdiwith ethenforexaniple woneentional) cupraentamd sl urry

resi due cont aj nisn%&l il ip%a or alum na abrasives with other comon slurry

addi ti ves sucf‘ute%s 0] PEﬁ zgtres, buffers, stabilizers, surfactants, 30

passi vati ng agent sThe oafh xhfiobal §atkoemple0s aSdr & semitoBilsrnAriQ sher
agents. Q,’l(g1 er as silicon, silicon oxide, gallium arsenide, etc. The wafer 5 has a substantially
planar work surface SA and an opposing substantially planar backside surface 5B.
A continuous or discontinuous layer of waste material is disposed on the work
surface SA. The waste layer may be a layer of photoresist, reactive ion etch
residue, chemical mechanical polishing residue or post-ion implantation residue.
25 The waste material in the aforementioned layers may include inorganic or organic
contaminants such as polymers based on stryenic, acrylic, novolac, cyclic olefinic
maleic anhydride resins; etch residue based on ions of fluorine, chlorine, bromine
or iodine; and slurry residue containing silica or alumina abrasives with other
common slurry additives such as oxidizers, buffers, stabilizers, surfactants,
30 passivating agents, complexing agents, corrosion inhibitors or other agents. Other
types of workpieces may be cleaned or otherwise treated using the apparatus
including, for example, MEMS, MEOMS, opto-electronic devices, and 3-D

micro/nano-structures.



types of workpieces may be cl eaned or otherw se treated using the apparatus
i ncludi ng, for exanple, MEMS, MEOMS, opto-electronic devices, and 3-D

m cr o/ nane«osi3roasd4or es. - 12 WO 03/ 023840 PCT/ US02/ 24007 TheTappareoans 10

i ncludes generally a flow pressure control system 100, a recirculation

system 200, a supply/recovery, system 300, a pressure chanber assenbly 400,
and a substrate ha 'aﬂﬁarg?@i{gﬁi%ﬁgs ereglben g9wfmurﬁﬁ9§§%5§5te@ﬂ&ﬁb@r
assenbly 400 i:BGHURESn SyReR 200! e ' [ eater 5
dotai | bel ow, thS paara sy g 200, o i tﬁ{eveéaggtseﬁ??éméh%g’l‘%g@ng%“ or ~

processi ng. TresembinA(, end asebstratethandling/ssem W Rigndi )i dhs pesshrappl i es a
chem stry or chem.strie so, referred tao as adjuncts, or difiers), CO2
(in the form 5%%3&?%“1%&%&&6 RAINAGT 2 Prestiee g}_l‘atn?sqeéglllb{f idéFCPﬁg‘%@Zg‘?a}terand/ or a
m xture of schefiasitbelo®s tNWafeiR is 114 the PRIEKIDShaibdr 486 34hr0festine oI er 5.
The substrate handling system 500 holds the' 10 wafer 5 and, optionally,

noves t he waf dlowspregsusesgantrol systenubdG ennditisine and applie¥ hehemistiy oc cheamikmias syst em

200 may be us L lter urn . pro Juid.to e ..pressure chanber
410. The suppl?jg/ilS é fe)eg%lj{/egr@ a%y@?‘%ﬁ?éb 0%@85551‘3@@2 {lﬁg?epfpgeé’gg‘q’f“ldugaésandé‘ﬁd may be
enpl oyed to clsapatcritial APMAYEESO,)R lahtioe ainirfits ofiehRAAt] dhd €GI the @ POrtion
thereof (typically, recovered C02) for further use in the apparatus 10. 15

Turning to t hevorkisgsyiacs vk of the waresiS. dihstsubstratrohandling system Sekhelds thet he

system 10Qqi nglddes, 3 1E [N L. hlghcpressure. JThe pressure
of the CO2 int ?tah‘%ﬁ%all%r%%%@%{@r e v‘?glélrtlgé oﬁc?m}lgl@arﬁgg' —glﬁed 4000
psi, dependi merimnlatibresystenc 28kheg be usedne fHweand etirdprotgsd fheidapmar at us 10.

The vol une of the. ﬁg@( Tgoii%)ref rably at |least 5 times the volune of
the pressure PRENBEFIaRPSE A0 Ah¢ BHRPLYVIFCOYRY s¥HeR 3P0 gernlics theayjosses fluids

operatively copMgfledempldyRe d @Bk J&st-protg?saéfﬂﬂ%?%ﬁ‘&,q{pﬁoﬁ@%{:e%m evice may

be, for exanple, a tenpérature sensor an heat1 ng - col r probe or heat
exchanger. Theortinpksreafhpicetly trheovecr Ca)tfhefurthakusEiin thesapparfisridbl y bet ween

about 0 C,and 90 C. . depending on'the processes to be executed. using the

appar at usl‘ailo. The &gmﬁ%{léd[h%gf’w/qr?sdﬂﬁecf?n SSYEPIMap &reaien Fa%Q@ephase. A

plurality of eutdretl0d inaﬁﬁiewxankmamtd;&ngmzfdtuig%lpfeﬁ%ne%e%%smefohe tank

Ti. In the event that it nalé_be desired to supply liquid fromthe tank
1

Ti, the IinedeG0:nihgisak1d ipprsfeablybetvienabowtsi0osi awWed008@sti on of t he
;ﬁgkL-Srlf I( & gl 96%%%%15?{1"[? ot Pl b%rexgcﬂéd)uslillijé)&)e'apgg}gmglib! Fhe l\fci)lr&?rlsé L3, L4
of the tank T1 is preferably at least 5 times the volume of the pressure chamber
20 410. A temperature control device may be operatively connected to the tank T1.
The temperature control device may be, for example, a temperature sensor and a
heating coil or probe or heat exchanger. The temperature of the CO» in the tank T1
is preferably between about 0 °C and 90 °C, depending on'the processes to be
executed using the apparatus 10. The CO; may be in liquid, gas or supercritical
25  phase. | '
A plurality of outlet lines 1.3, L4 and L5 are fluidly connected to the tank
T1. Inthe event that it may be desired to supply liquid CO; from the tank T1, the
lines L3, L4 and LS preferably draw from a lower portion of the tank T1 (e.g., via
a lower outlet or a dip tube). The outlet lines L3, L4 and L5 fluidly connect fhe
30  tank T1 to a chemistry supply/conditioning system 120 (schematically illustrated
in Figure 1 and described in greater detail below), a feed line L1, and a feed line
L2. Valves V1, V2 and V3 are provided to control flow in the lines L3, L4 and
L5, respectively.

-13-



30 tank Ti to a chem stry supply/conditioning system 120 (schematically
illustrated in Figure 1 and described in greater detail below), a feed
line L1, wodsa2sssed |ine L2. Valves Vi, V2 and V3 are pradmesheocont r ol
flowin the lines L3, L4 and L5, respectively. -13 WO 03/023840

comnected to the systuaishr OesiRFEhHl & Sehial Sonertudac sisi ngl &
chenmistry or mybttipl28. Raopatply$ & S2h8B e ihasdd Qﬁﬁlg@rcﬁerﬁﬁ&?iopﬁfﬁuﬁhe or

upstream of the resgec%i ve supply S1, S2, S3. The supplieS may include the
respective chérPPaiplsshemistiss st prs combinadsios upsireami ofdhestespitivesupphsi bl e,

t he contai nerxxia ri ressur.e.to,.allow for

conveni ent re]fsill’ F?h%g iﬁe&?h%eﬁlgé%ﬁ?lg@ag{ri%\f%ggag% “he Sﬁgfﬁpcbfﬂoé 8, s2, S3

may includé, fsoitablexentpiners. Wétees feasiklerihe eohtatieedard pra?@bI¥iafl@sno8Fheric
per manganat es; aci ds stfch as hydrofluygric, sulfuric, and nitric; bases
such as secondrSur 2oV ferfopvemsmiedilling apmoni um hydr oxi de; sol vents such

hi o1 S and- al kanosShr T e U B sypelf 81 B kS feom

thiols, and al kanes; surfactants such a F&ndom

copol yners corgpganple: vhtef; axplizannsuel as peporites oapetmanyhaehididsGuel ad i pophi li c
segnents; surfagtants w .si | oxane-based conponents and hydrophilic or

l'i pophilic co%ﬁ?@ﬁ%% ¥ K}“eﬁ‘l’g B Gagssi such aysecandary And textiiry amines;

hydr ocar bg0- bagggorsunh hgaioaessolvents fh bs ol ' Lupslede and
choline. Inconpati bl fé@lcherr1' s%ori es are c%%%ﬁstcﬁ?oggg%?%ﬁ@e\%\h%g&ggnbi ned or

exposed to oné&theznalcabels, subfpidesothielacnd wiltanes serfactanth suchias blockanner t hat

i npedes the pr / d s_or undu oul.s the apparatus 10 or-
waf er 5. Exarrﬁ%@%? %ir})(r;ié%{rgﬁgﬁ%gﬁ g’%e&%oﬁ?%otsﬁllégh}’m%eg@gﬁéa d bases. 20
Level sensor s hyepphilipronViboisiilid segeraR; afifachatsswitpbildanSbasePomSthenf
indicate that a i i eeded and/or to provide a netric of chemstry

efill..is el i a | of
use in the p%%é%é‘?pwgaﬁéﬂmﬂlcﬁwoﬁ@ﬁﬁsiW@V@lﬁolnabpmjcamieon-mgc be provi ded
to controlsth@yg; . | d 1 Xi ngadevi ce . be
provi ded in eaghkgﬁg% ?;%Ségl%ﬁr%ar&%%né g@g 9)@8? él\lcli&so)élélgg ?lrl‘norf#&'a@dgg%ﬁéﬂer bel ow,
t Ee ;yft em 1.2'([11;?051;@;;. ﬁ}bbr:alstrms pre(nvl\lhe;imrt]nmmkllmh, Wﬂ@?ﬂﬁd&rﬁﬁ?@%@kﬂ@% ?L
System 150, e oD tbeiyihons hotier io S maphorthe Pgics G REESSHOILOR he
system 120 t 0dafegds\e uhddly YOUIHKE afpar¥@l Y085 waker 5N &Examples of incompatible

chemistries include acids and bases.

20 Level sensors may be provided in each of the supplies S1, S2, S3 to
indicate that a refill is needed and/or to provide a metric of chemistry use in the
process. Means such as a heating coil or jacket may be provided to control the
temperatures of the supplies. A mixing device may be provided in each supply S1,
S2,S3. .

2‘5 As discussed in more detail below, the system 120 is operable to provide
one or more controlled volumes of chemistry (with or without CO,), which
volumes may be conditioned by the system 120. The feed lines L1 and L2 are
each fluidly connected to the system 120 to receive the volume or volumes of the
chemistries. The feed line L1 is fluidly connected to a nozzle 191 in fluid

30  communication with the pressure chamber 410. The feed line L2 is fluidly
connected to a spray member 190 in the pressure chamber 410. Filters F1 and F2

are provided in the feed lines L1 and L2, respectively. Preferably and as
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chem stries. The feed line L1 is fluidly connected to a nozzle 191 in fluid
30 communi cation with the pressure chanber 410. The feed line L2 is fluidly
connect edwoo3az2sggnay nenber 190 in the pressure chanber 4T/H30kRens F1 and
F2 are provided in the feed lines L1 and L2, respectively. Preferably and

5, BB B L e Y B

| ocat ed downstream of all Tined fhat feed |
vacuum 'l i ne L1éesddineb BildLY. connected to the pressure chanber 410. A vacuum

unit P1 is operable ,to draw.a . full or partial vacuumin the pressure 5
chamber 410 throughpﬂﬁaé’ul’?‘\r,'yﬂlel_lilg.lsﬂH@X/%‘E’EPE?FF@lFﬁﬂlemewycb@nberﬁﬁﬂp/%or one

or nore tanksvhhain @iePI® sPetdbied K t. all tinmes by a
conti nuouslé ogerati ng vacuum pum@%g\%ggﬁénﬁgﬁ%%ﬁﬁa@ 1%§16£W§Wfageous in
that the pressohambesdd ught e ing Lib6. Thesanmecunio Pe niarbed! pindst dnb@rt ank
may be re- evac%treegmég\@_{a#e waf. er. %ocessi ng is occurring. If nultiple
vacuum t anks ar& used; "PhE MY T Deaqquiny at gl itimes by rsentanioudygener at e
greater vacuumopdtafifevaRuesiting. A Lol ' . acuum uni t
P1 may be advantt)a eﬂogﬁys for managi nmtﬁ%letagi@?lak’gre agﬁé}tée%et%ﬁs lélg%qﬂ?{en?rﬁs&{?ced to
the system In¢ rB&?@?ﬂYﬁe@WCl@wgmemmgandaMnkﬂa@bmevda&at@@ened and

closed to inseff: I . a substrate....During the time when 15 the

pressure c hanb(é’?ulg %feiqsf) r%c%ggr?]%{ g {Sﬁgcgﬂ%bgtp%&éﬁapgu%t%s aedisehtheymay

(typi cal | yl0 ai by stagkett invieiropeirativn t@g@hem@?ga@fa?%cm RAPtht ?Feséiﬁ‘&ﬂ?‘iéﬁl}é?i t Pl
I

may be wused t revent this insertion of anbient gas from bu ing up over
time in the p%)(g’é‘ggssftllﬁ?'ds (assumi ng some |evel of recycling of the

process fluids is j . ' ion Line L6 fluyidly connects
the pressure charrbe?ﬁﬁ%&and tﬁe1 mg@g{%ﬁ%’%%}ﬁ‘rfé{e iR I’?‘E%P’i ?iéblE%t dr aws

froma |over pgss)intredoéed thehqeysesurle cadhizndiestert the pRsHRE REREY 4 HRSap UPP! Y
tank T2 is fluldl %inn ot e% to the @ressure chan}())er 410 with a
control | abl e val VEMA B ORACHR PSEH ARE BRIy 2 spbeFale.aBrying thaémepsharecondar y

gas has a I§i ghtae psatute @h@dbatan0ts YeBSHE bBarh %%ﬂ vty the
secondary gas js.an inert gas. Mdire preferably, “the secondar § gas is
helium nitr c{@@:ﬁcq;l,y, alry octivegprirel gnd smnageament using the vacuum unit P1 may be
used to prevent this insertion of ambient gas from building up over time in the
process fluids (assuming some level of recycling of the process fluids is
accomplished).
20 A circulation line L6 fluidly connects the pressure chamber 410 and the
system 120. Preferably, the line L6 draws from a lower portion of the pressure
chamber 410.
A secondary gas supply tank T2 is fluidly connected to the pressure
chamber 410 with a controllable valve V15 provided therebetween. Preferably, the
25 secondary gas has a higher saturated vapor pressure than CO,. Preferably, the
secondary gas is an inert gas. More preferably, the secondary gas is helium,

nitrogen or argon.

Pulsing feature

30 A variable volume device or pulse generator 102 may be fluidly connected
to the pressure chamber 410. The pulse generator 102 includes a chamber 102B
and a pressurizing member 102A movable in the chamber 102B. The pulse

generator 102 is operable to generate a rapid decrease and/or increase (i.e., pulse)

-15 -



30 A variable volume device or pul se generator 102 may be fluidly connected
to the pressure chanber 410. The pul se generator 102 includes a chanber
102B andwa @roesssor i zi ng menber 102A novabl e in the chambecTi@dB2400he pul se
generator 102 is operable to generate a rapid decrease and/or increase

(i.e.. pul se) mifieUONR A2ARAPETSONPADaHIN (E SFEHSEIIR Jr, Pressur e

chanber 410. Preferably, the swept volune of t pressurizing nenber 102A
i s between abopiesQuizingriaeBberi1f4 is beiwoer aheat 811 anded tipeeths volamedtteer 410.

Preferably, th I r 02,1s, adapted t vi d ressur.e pul sing
cycles at a r a?ree “‘lce)“f"ésgtcla‘:%hvveEH Egﬁf%g%rﬁflera%l%%? %ﬁ?ﬁ?&&%ﬁﬁ@%ﬁ&g@éﬁ@ provide

cycl es/ second. piesiepabing cytlbeatpubs of Bemeeabsut 10R ciep1 AetapidRdnd §p decr ease
and/or increase _the pressure_in the pressure chanber 410 by at |east 100

psi, and note Cysiesfsesenst. \Prefprabit feanissigsnera®od0p s adapted 16 derrense andfbe pul se

Coupt 60 10 o | Hsar w8 Yy BERRAN:S Ricrib B s A R B o0 Poa

magneti c pi st oprefinatdplbe beyverrabsut 600 gel .@dtisompki. el ectric coil, and/or an
electrically, pneungfi ceil |y or hydraulically driven piston or diaphragm In
a hydraulic or pneliapPiise Bsehasrm paLbs aswitthlcraeshamsmepclpdingdPor ed wit h
valving to qu, ' r AN r Hi de of
t he di aphragm \%%F]A r%’%ﬁm (}IBI; g{‘g}é‘l&ﬁg%ﬁ ﬁlgarg%cst 3(#’ %Fétgtlnifp%ra g%ﬁ]aglcg&%%gng

enbodi nent 10 t heodha ghgpetesgsioe nbFalla bk nEansofhreNtenalpriessecd], wedsedn such as
T2 may be fluidly .copnected to.pravide.. nmotive fqrce fqor the pul se

nmechani sm (pi 3?018%“8?%}’@PEW%HWOIQW#%F&PX@WWSWBE 8’%’6‘\%&?- 9 be added
such that the r@@icCdibahaticleBm, thefpul defechhMONSy PEbANAYvitPyval@hY & | N

t hi s pat hway rr]gj;i belccl osed glEldQVt he felldtljlig mafy t her eg}]itefr) be ci?ﬁlaeﬁhﬁg)ck to
the pressure ctitigigsedmitondreloisgpresswe bothd npo-ppecdsnsive ofitheditiphggm fil ter.

Th d t f i fl.uid to,the ressure chanber
The Spond, et ity BN AR e SLUB AR I LR R By
prevent thks r efank MTadidtailow ppdssareveasl suah ks TR wsdy beNBBkedheRd B oryader or

particles genetated_ in {he pulse chanber, if a piston_is used. ile the
pul se gener at ofodwfores for theqiulssimasghapista pistentoa diaphragnbet t om 25 portion the

hanber 41§,; 0 i ght of
he-pressur e chanber E0 T B e rRgr sy f AT Kl GE BRARemtlE 001 0

t he pressure chanmber 410.
t he pul se genel®bis filled ftom dneapatiwayye aalveppeais pathtvap maytbe rlosskshd the

et PR ntiebnd AW N BRNSR el HLHRRL B SRR o'setond® 1"

20  pathway including a filter. The second pathway may feed the returning fluid to the
pressure chamber 410 through the spray member 190. The multiple pafhways niay
serve to prevent the reintroduction of contaminants just removed from the wafer or
particles generated in the pulse charhber, if a piston is used.

While the pulse generator 102 is illustrated as connected to a bottom

25  portion the pressure chamber 410, the pulse generator 102 may draw from any
height of the pressure chamber 410. In particular, it may be desirable to configure
the pulse generator 102 to draw from an upper portion when used to facilitate
processes utilizing two-phase (liquid/gas) process fluids in the pressure chamber
410 or to affect fluid and particulate flow in the vicinity of the wafer. It may'be

30  advantageous to move fluid rapidly away from the substrate surface (vertically),
rather than move it across (parallel to) the wafer's surface as a bottom nozzle
would. A relatively large pulse chamber may be used to enable particle

dislodgement from the wafer surface and also enable particle transport well away
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410 or to affect fluid and particulate flowin the vicinity of the wafer.
It may be 30 advantageous to nove fluid rapidly away fromthe substrate
surface (werdsioesd4by), rather than nove it across (parall @cweyozee7waf er' s
surface as a bottomnozzle would. A relatively |large pul se chanber may be
used to enabl e icl di sl odgenent, fromthe wafer surface and al so

enabl e parti clfé&s t@%‘é’ﬁfgf O\REIVFmgﬁg?EPOSTSnV\B rﬁgpﬁ‘\é@é@f@e pulse comber amyRIsof r om
the wafer, to yeéers edablbaiHasd ¢HaRBes thrd: u%h@\tvb Eﬁés\és La aspﬁ’&ﬁ(ﬁu %mc% to ety

al so be used t o _enabl e phase changes through two p ases - rom
supercritical Jiqguid [Agp§id to gas. An outlet line L10 and a vaI ve V6 are

provided to sel ect 'Xﬂ)éﬁléﬁ]ﬂ&mﬁe@ phﬁswa%a%p%ng p chtggqlgwl:nct)\gfeh lpjirgssure

regl on, such as to a I'ow pressure

transfer devi cgreserechamded410h a IGWelaﬁr@S%%m‘égi%n NRAGLS 1o £1dv peturd {aﬂmhe

pressure chanmber 410 may be drawn off to | ow pressure " region.
addition to alarscﬂkﬁcﬁﬁse@éﬁ@\‘f’aﬁ flyid tensfes dﬁﬂ@ﬁ(ét.mea pump)smetmdsah&rer%]s& 10
the line L10 nde th t he high-pressure
tank T to goniel Sk Bl BB Rer 67 bl BRVE P i droranB This ey
be acconpli sherdglb;l raising the pressure in the pressure chanber 410 using
the tank Ti (i. % controLDé;, .ng one or nore of the valves V1, V2, V3
and/ or ot her vaI vesIn Gitign &R plipwing rpevel phwaste Eomciba praseure shamberi418nd t he
pressure aianhgg ;i4dP1e adPinevaskRe ppi ng
the pressure in the pressure Chan%@f%%e‘&%\’%dgﬁ{\guﬁ{}%%%@B\?&g%&@
wast e ef fl uentThm/gegcrate(pressumvpulq@sasthmpeesmaalcharﬁbdsr ﬂnamh!isema)sb@h as the

tank T2. This se eat ed .a needed. 20 Chemni str
Suppl y/ Condi t i%RY ‘%y%gﬁgﬁlﬁ*ﬂ% ?ﬁSE“terIS}s‘EJHﬁ%SW b?ﬁ‘blﬂﬁ*ﬁ@l&%l@tt% 120 is
operabl e to provgdeba coﬁt@dlﬁﬁé 8tk &d rﬁM\fleftl?éWv’Hs Wi, e eﬁ"@l]or%@le?%l%ﬁ from

the supplies Sl1, S2 3 (nore or fewer supplies’ may be use
pressure chaniie Proyidy, mwwc@m@rbewm the tagk drh abd Ghemprgssuee dmtt&bum)t 0

sel ectiveljy ¢ eratures,and 25 flow rates of
chemistri e§ o%m%:s %#é??vgﬁmtﬁe%c@@ﬁgﬁoggl%tp?\pfeﬁ%lrf)i”e RECSSH Ry ent i on,
certain alt er chamber n0m1y|o@an1ag klonelvey 6 behe wakte ¥ethechPial 8 tS¥ &vem 120  as
descri bed herei nbel ow. %?d be appreC| ated fromthe déescri ption herein
that vari ous PASSWE{AKy e?‘%‘aPIGf%@ 8f therfankdT 3 c Tbissaquenpotiashbarepentsy abe

omtted or needed.

20  Chemistry Supply/Conditioning System

The chemistry supply/conditioning system 120 is operable to provide a
selected flow or amount of chemical adjuncts from the supplies S1, S2, S3 (more
or fewer supplies may be used) to the pressure chamber 410. Moreover, the
system 120 may be operable to selectively control the pressure, temperatures and

25 flow rates of chemistries or chemistry/CO,. In accordance with the present
invention, certain alternative éonﬁgurations may be employed for the system 120
as described hereinbelow. It will be appreciated from the description herein that
various aspects and features of the disclosed embodiments may be omitted or
combined with or substituted for other aspects and features of thé embodiments.

30 With reference to Figure 2, a chemistry supply/conditioning system 120A
is schematically illustratéd along with certain relevant portions of the apparatus 10.
A fluid transfer device P3 selectively draws or permits gravity flow of chemistry

fluid ("first flow") from the supply S1 to a reservoir R1 at substantially ambient
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conbined with or substituted for other aspects and features of the

enbodi nents. 30 Wth reference to Figure 2, a chem stry supply/conditioning
system 120/ o3ie3sgechematically illustrated al ong with cert aar/vsskewant
portions of the apparatus 10. A fluid transfer device P3 selectively draws

or permts grayidwy.f! 3 stey. Bbaid ("finst flow'). from.the supply

Sl to a reservgi rMﬁl g.‘tflfege{aggtgank %ae?éﬂ(/:eé?r%fneeﬁ%ur?ﬁ{}"e %‘?/Qﬂé@%ﬁb‘@mthe

PCT/ US02/ 24007 resprveirsnd ¢herdbyl thy eblumeas thd digndaw t’éﬂoe]&ﬁvﬁ%@ﬁﬂhgﬁrég{ﬁ'evm urre
ir and thereby the volunme of the chemstry to

of the fluid in the resegrv
be delivered t%’%h@rﬁﬁg's%‘? gmdé‘ﬁﬁﬁ%éiievﬂ D3 m4¢ alJouetvette detetine tevioken®3 may

al so serve to ¢ G R LN the. reservgir by
nmetering the flgglv%t hrd]oglg;hpf\eﬁée@glgs? cﬁg&%ﬁgﬂe@%gﬁpﬁ thﬁﬁfﬂﬁ%? 3"'i ﬁ%he
reservoir nay ¢themieafadpmetindbareserdeir nfagrthereaffergligid uhder fo1ak @E‘%ﬁvﬁy

), the filter. FI, and the |ine LI

conditioning upit C1 (as.discusse el ow) , .

into the pressﬁ’f%ug%c%éﬂ?ag’t"%d{mtﬁ]t@Fﬁ%P%ﬂ??b@@ﬂhG@t@K FlLendéheclinetital cop
(S0002), |iqui thtXH. pr&surecRIMpEH3Hd | i quid CO2 or gaseous C02) fromthe
tank Ti may be delivered to the 10 reservoir R through a |line L3A by

operation of a val vAltematively,}Qx(egr isppetcritiod] @@ (SECOREligaii @B, oand CR2 i s

t hereby delive nressure chanper 410, thr h the unit C1, the

filter F1, and&ﬁﬁ%rte%&rilﬁe}awl%. TR @25 ﬁ@frbﬁhé%qtjﬂmﬂSﬁﬁﬁll‘iﬁfedtqqéh%ystem

120A i's adipt esbsérool i tifugha lise LAACh bttt SR VYA CANSBLALDG Pr ocess
u

fluid to the pressure chapber 410, the ™ 15 second flow inc Ing chem stry
from the supplprdgregiithaadgupchand @@nﬁéh¢r§b)edw\temdﬂoehe;pnpmupe GlambEhél By st em

120A provi des ﬁrgdgﬂ%%@iﬂ‘ﬁ:&ﬂﬁe khe: lﬁﬁ%ﬁg%ef%f#i hat is separate fromthat

used for the first e secon oW p 'ncludes elenents” P4, R2,

122, and C2 cor r espbhithifoghgeefereatd 1 Figued BBt ftdid 120 is ddied 48l o/ N the
abaove, the second fl ow may be a 20 chem stry. only

sane manner as_di s&gse? \ %/

stream (i. e.,SSHPCRY Of ARRMISLY-poHAEINgHracess Juidde dhe/pressurxhamberdl Gatht t hen
t hrough t he codbdd Bo\ MeblM ; i t. | i ne ta.the
pressure chanber 410. 1AI terén%htgi%\}se%}?ﬁo%é ﬁp@ﬁﬁgv[ﬁgcgﬁgﬁqﬁco%?ﬁ%lg wth

i ntroduced i ntthe skeply BbsEhy siistenR2 @A prowiries a flawpath 3& thy seepad Abivahataf a

val ve V1B suc e dj t i.s deljvered, o the pressure chanber
410 under pr e}sgg %ge%“&agﬂéeér}gr #%ﬁ@“{'ﬁ}&%ﬁ%%‘&mﬁﬁé&dg@u@ﬁs elgrgents
circul ation | il R 122, ah@tCP dbrreRSR@aESeehbiilg 16 ERM PRYS nber 410
to the reservoir R2 b%{ﬁ usi ng gzaf)r g@ Sr essgre di fe?g?gg@é%%g@?éturned

fluid may be rem xd@ t $aneREmspatiscussasiaboge, the second flow may be a
20  chemistry only stream (i.e., no CO,) that is transferred to reservoir R2 via P4 and

then through the conditioning unit C2, the filter F2, and the line L2 to the pressure

chamber 410. Alternatively, CO» from the tank T1 may be introduced into the

reservoir R2 through a line L3B by operation of a valve V1B such that the
 adjunct/CO; is delivered to the pressure chamber 410 under pressure.

25 Figure 2 further illustrates the use of the circulation line L6 to return
process fluid from the pressure chamber 410 to the reservoir R2 by using P4 or a
pressure differential. The returned fluid may be remixed with the second flow for
reuse in the process. A further filter (not shown) may be provided in the line L6.

With reference to Figui‘e 3, a chemistry supply/conditioning system 120B

30  according to further embodiments of the present invention is shown therein. The
system 120B is particularly well-suited for delivering gaseous chemistries. The
system 120B corresponds to the system 120A except that the reservoirs R1, R2 are

omitted and high pressure CO; is made directly available to the conditioning units
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reuse in the process. A further filter (not shown) may be provided in the
line L6. Wth reference to Figure 3, a chem stry supply/conditioning system
120B 30 wmrwrodssag to further enbodi ments of the present ipoaeURRQ#07S Shown
therein. The system 120B is particularly well-suited for delivering
gaseous chem stries. The system 120B corresponds to the system 120A except
that the reser¢bi €3 vRilineRE.34y, &3Bomidivalyds ¥4 dnddgVil Br BypetiGO8f ths finRde

di rect| i| ta i st i,ani its -18 WD 03/023840
pCT] Usody 24007 s bt PR, b Bt b e iererinnent (m182) ey

operation of ttheodghuhdlcoriditemsiginitey (G HInd Fit B may
i nject the adj unctg[hSl %(;lr 482 throug(gh tzﬁe cg\ed@?%rol?nll @g%ﬁﬁ@"%ﬁ% C2) and
r

the filter F1 Pressureghagmbgr #Ht oAkeraativelye bighmeesshar®s mag Be addedes mad i vel y,
hi gh pressuye apel.5,m xed with the chemstry Si. or S2
inther esl|c')gectIlg‘}\f/%%%d(I?cﬁlhd‘#1 ?Fgénlﬂﬁgyﬁiof ggluf thesespeeiiveqonditioning unitel, $3 dae of

the chenistry iisldavetiedvdlant betherchamist dshATREl fd BrdtBy d by
nmetering the flow of the chem stry thrgugh t he qu?fj trgﬁs eHr‘L:.Fdie”f\?lS e P3

(or P4) or by RSPy IREeyRgs thedlopefibechemistne thooughl the flesismnsfeSi or  S2.
The fl ow rat e(&kiQf ' I o.the conditioning.,upits C1 and
10 C2 .may al sod@t‘)liada(:Po3rcl<B iragllqS %@ﬁe%gﬂéét\r/hg%#ées?l}a@ée P’aﬁhlec?u%‘ﬁy t’fégelf gl Cheni stry
in the strearfsellmflaletdts(e) etthemistamndior €10 .to We dbndRfcanness € afioure 4,
a chem st ¥ sueﬂ{%crni}i ti on{)}l‘ﬁ}%ﬁgyst,em 120C according to further

embodi ments of Y B8 LE TP Aphieyes? dasitmhratioeqfe Gn tophemisyy dn tn 120C
includes a fl udahmeisiRIivaley tEehBePPrRy abl e to selectively draw 15
alternatingly fromeach of the supplies Si and S2 as well|l as'the supply of

high pressure Co2 Witbasfeieace wrikigire 4, aicherhisirg shgflyaoddiviahing syt 120 e
device P5" fqr . | ected..chem st.ry through a conditioning unit C3
and one or bo%ﬁgog? mttgﬁgf&rﬁﬁ?t% @sgdlﬁjfn‘g]r?ztﬁérfﬁéb BRIRS 5 shewRthsisét atheon of
val ves V9 and sy 120Ctihetdésheriuil kiaheled c&vl@e?ﬁ%e{?éﬁfe {J'Je‘f‘e%w%( hﬁw the

t

pressure ggan’o r 410 under pressure. 20 Optionally, CO2 fro e tank Ti
may be addéd tBYCTRENGR[OR earhof if sypplesiy and f2rasdvell asghe eppl3GEf Hight 0 t he

condi tioning Lt,@gs%mg@:%sﬂr&g tﬁg]attg?%irg?ﬁh%ﬁei?g Lhe \:;%Ig;?‘).\c%% del("tr}Pg{Sder to

prevent m xing of the inconp chenr stries er abl y,
pure ScCX2) f rfonees the stlactkd THenmistry throwptiuosaditiongdhit 02 ahd B drdd &Fthd | ush

bressure 25 oAU FH SHEPEHILES o7 HE cpaicharY8tes, VY P 10) Rebideul at i on
System fluid is ultimately injected into the pressure chamber 410 under pressure.
20  Optionally, CO; from the tank T1 may be added to the selected chemistry by
ihtroducing the CO; into the conditioning unit C3 using the line L3B and the valve
VIB. In order to prevent mixing of the incompatible chemistries S1, 82, CO,
(preferably, pure ScCO,) from the tank T1 is introduced through the line L3A to
flush the fluid transfer device P5 and the remainder of the flow path to the pressure
25 chamber 410 shared by the two chemistry flows.

Recirculation System

The recirculation system 200 includes an outlet line L7 fluidly connected to
a lower portion of the pressure chamber 410. Lines L8 and L9 are in turn fluidly
30 connected to the line L7 and also to the feed lines L1 and L2, respectively,
upstream of the filters F1 and F2. A fluid transfer device P2 is operable to draw
fluid from the pressure chamber 410 and force the fluid through the lines L8 and

L9 and ultimately back into the pressure chamber 410. The recirculated fluid flow
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The recircul ati on system 200 includes an outlet line L7 fluidly connected
to a lower portion of the pressure chanber 410. Lines LS and L9 are in
turn fl uidlop3/3884aonnected to the Iine L7 and al so to the Haagukokiaes L1 and
L2, respectively, upstreamof the filters F1 and F2. A fluid transfer

devi P2 i b 3 1 M. ) h han 410 d
force the frurths Rt one il Akom e aRiot i FafefyRBRdte T nro t he
pressure chaniesteh1Q0 adder fromi the Uhéd ESlof L4y, dvlv w4 42 VO 0:3/,82384 6 the

PCT/ US02/ 24007, ma§ be_conbined with other fluid flowin the lines Li and
L2 (e.g., froinehbdasdEtPem 120 and/or fromthe lines L3 or L4). Valves V4

and V5 are provi decq d L i rgul ation,system 200
may serve to provi él'eg%gl_{aﬁllaghggﬁﬁrﬁ?g@ﬁﬂxégwgﬁggﬁﬁféc dﬁﬂwn?lo’?‘ilﬂe waf er
surface w Shoutechesjcdl mttivn odhid vafen ahrface Mitdut @Guirkbgddanidhslre@bedliost ry and
i ntroduction of_ne CO% and/ or ,chem stry._ Moreover the recircul ation
syst em 200 ma¢ rCReTRISHY ARt BodyctianefmeeC gz andien chemistigi drlorepveror
separate conpeRen i dodubat] s Ll ui d..during
the cleaning pr o%%%lggfo(lﬂégﬁﬁﬁgb?eﬁrj ati veb%g}é?rg)@&%lgﬁ e(%h?ggs?l ét%l,%sgg, &
according to tskearge esmpinentstbroug density nsdumlmionhtheipgodess fuid Hueing ytet em 200A
i ncl udes an ouil et line L14. Return lines L15 and L16 fluidly connect the
line L14 to a“r@tP&lI%TT on nozzl e 193 and-the spray member 190,
respectiveby, in the dHBRHVE BecHb Iogld ' 6is
operable to force fluid from tge@gﬁgg?é?egl%@é&n%eéerogdﬂ%%%%eéﬁﬂgﬂ el%lﬁ?gr 15
F3 and back i s ghommdn Figure §r elhelsastbar200A0n¢lndesiaghoutlaelimok k4. eR a0t lared/ or . t he

spray nenber 0. I an 8 ,ar rovi ded enabl.e t ernating

del i very of ﬁjlﬁiaéldty‘gﬁﬁlzdlgé?%%fgt &F i&fa % 85??%H‘fa§f)?8824%}§4 @“{'}ﬂﬁl to
prevent uni nt epEgeentek 190, lrespetthredr g theigess@e zhemb&10A A fuidhansRl t er nati ve
recircul ation system 200B according to the present 20 invention is shown

in Figuie 6. TRECRYSiseRerabiatofaroedied ram thepresyure Frasnbezd 10 thropgh g filter
connectingsth . i i in

el enent 2?1%) ? ﬁ%ﬂgﬁ%@%ﬁ%?mﬁgﬂ%@igw?h%@ﬁﬁ?él%g?érl 92?@ glrgntﬁéi Y
converts the nwasteel2Q.r€awes Voand V8 ao¢ povided (¢ brmabbesltedddlingdeliviry 9f st arti ng
state (e.g., |4 qui conpressed li.,quid, or supercritical fluid) to a

T autd. pret el o ihs e Panbpcer 56 lrtionoaas ar sy TaBBIegded Bickr ovent
backf | ow of f lfgind@rdupR e iezRtliol 243 to the pressure chanber 410. For

this purpose, the transfer system 242 may include one
A further alternative recirculation system 200B according to the present

.

20  invention is shown in Figure 6. The system 200B includes an outlet line L30
fluidly connecting the pressure chamber 410 to a still 243 (having a heating
element 245) through a transfer system 242. The transfer system 242 converts the
waste stream from the pressure chamber 410 from its starting state (e.g., liquid,
compressed liquid, or supercritical fluid) to a liquid. Preferably, the transfer

25  system 242 is also adapted to prevent backflow of fluids from the still 243 to the
pressure chamber 410. For this purpose, the transfer system 242 may include one
or more shut-off valves and/or one-way/check valves.

If the waste stream from the pressure chamber 410 is a liquid, the transfer
system 242 may not change the fluid or may merely change the temperature of the

30  fluid (e.g, using a heater or chiller). If the waste stream from the pressure
chamber 410 is a compressed liquid, the transfer system may provide a pressure let
down (e.g., by means of a torturous path, an orifice, or control valve). The transfer

system 242 may also include a temperature-altering element. If the waste stream
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or nore shut-off val ves and/or one-way/check valves. If the waste stream
fromthe pressure chanber 410 is a liquid, the transfer system 242 nay not
change t hwa dswiesk4or nay nerely change the tenperature of tHoa/US0,24doai d
(e.g., using a heater or chiller). If the waste streamfromthe pressure

chanber 410 is f?on@%%@%fr@s%ﬁﬁ%hlﬂ#géljﬂﬂ 1§ BSufanLPRLRY SERT JRYBHOY de 2

pressure let down (e.g., by ans of a‘torturous p ice, or
control val ve) .pradyerctletsdrofress disypsedab@vi2asvent] @l ss@nipasiturdaltéring step. In this

tenperature-alteri elenent. If the ste sfream -20 WD 03/023840

PCT/ US02/ 24007 *%§% %%’P%‘%e BFESEL & déﬂﬁavr‘\P@“eﬁo %Yf)ﬁlF glmué\d tgessdptetthe aphaseui d,
there is prefenafhid/Gus r8i6s s£Hhe phk diPMimas di scussed above as well as a
tenperature-altering step. In tﬁi s case, it nay be necessary or desirable

to cool the3fluid tdnsedstheiliguis state, the fhislsie boilédidistlldaaia theeqill@¥3ah t he phase

diagram 5 Once_]j e si.quid state, the flujd is boiled/distjlled in the

still 243 to ge ag?ttgtgéef[“ﬁgn%*fd’W%C?lﬁP‘eﬁePﬁoai‘g bRERPQent Whidhwidkbec onponent

which will be p@écﬁdﬁﬁéﬂ‘ﬂl@zrﬁd)yga%d&%avi@ﬁ@blﬁp&ﬁﬁf@vﬁfch%ImBQ??é%q]}(]ﬂ‘nﬂg will be
S. e

predom nantly adjunct chem stry and entrai'ned contam nan avi er
conponent may BEIUNgRhgEYELY qnd egiraings coptaminayts. TThe derdencolipondd insyd=al
system 244. 10 a L.Qht.er) .eamis direct to a heat exchanger
246 via a line cgﬁgef%eé‘gé&f%Jeak’%%fgSégé}éc{l?%/g‘ﬁp?ssa?éﬁﬁ%ﬁg‘éd (t hrough

mani pul ati 60 of t enike&iQygas (lEhtrpsteasiis direéted t@heR B Hah R4 id I1Bne
processing fl u'tlg (‘%, e. Ir&i)é]ui d, conpressed |iquid or supercritical fluid).
If the fluid stadt }Fﬁe@a 1538 SIrSREs S| R YATEed (Heughenaninwlgéon efdgmperetuele a
heat transfer 6gibreddhfela8 : s Vi cey. as to transfer
heat fromthe c.on.grensi en)g flul legh?ﬂgﬁgtp F(Fclgggé%ﬂgﬁﬁ&egd&gﬁ crifx]alcén?zessed

addi tional |y cligaided supereritifal fluid).r Htheoflyid atdstingtsmitionabadiquid, ee, menbr ane

separation, physi.cal separati,on .g...centrifugal force) or electrostatic
separ at i on. Tﬁ’éc@%ﬂir? yolﬁglad%ﬁg‘g%ﬁ@n#ﬁ‘é‘f?“o’;e Jp‘?%‘!???f%‘gt eReatige davire fonal | y
process thes subsdtiaisfer BeattfRrPRCEAGNInEYRSERHIER S YS! TR €0, ﬁ’gg]!bte! onal
chem stries may _bhe 20 added to this incomng fluid (e.g., at“a m xing

reservoir 248) additjanailyiganed Hgoushdiliratinn rdsomptigns ebsor0@Bmemprane used to

provi de a contJ i ). t flow.of the process fl.uid through the
pressur e chanbgérl g}lé’é’ ﬁ?’ﬁ@#ﬁ%?&%@%‘%@@?ﬁ%@ f?{feg rsfi(i%‘:?roﬁ#lf FfP2A88ni ng
process by tr afibpoonditigned @04 mayihah 88 pesvededibacktd AlitGHaBYy pRock the . O
prevent redeposit on the wafer) and/or 25 providing nmechani cal action

(agitation) onSTUSH2IRAN & POGFS ASBDSCauent selsirate yglditignal chemistries may be

20 added to this incoming fluid (e.g., at a mixing reservoir 248).
The distilling recirculation system 200B may be used to provide a

continuous or intermittent flow of the process fluid through the pressure chamber
410. The mass flow may serve to assist.in the cleaning process by transporting
particulates away from the wafer 5 (e.g., to prevent redeposit on the wafer) and/or

25  providing mechanical action (agitation) on the wafer surface. The mass flow may
be filtered or otherwise conditioned. The mass flow may be fully driven by the
addition of heat in the still 243 so that no pumps or other potentially particulate-
generating mechanical devices are required. Multiple transfer systems 242, stills
243, heat exchangers 246 may be used to provide increased continuous flow,

30 Each of the recirculation systems 200, 200A, 200B may be employed to
provide mass flow through the chamber 410 without loss of process fluid mass
from the process loop (except the relatively small quantities of adjuncts and |

particulates that are filtered or distilled out of the process fluid stream. Moreover,
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be filtered or otherw se conditioned. The mass flow may be fully driven by
the addition of heat in the still 243 so that no punps or other

pot ent i al W (3anss4cul at e- generati ng nmechani cal devi ces ar edTaRIRED7
Multiple transfer systens 242, stills 243, heat exchangers 246 may be used
to provide incr e@ﬁl&cftﬁ@miraumg‘ylsems 280, mhmg&b&@&plo%m& aﬁdb%s ystens
200, 200A, 200B may_ be enpl oyed to provide mass flow th gh the chanber
410 wit hout | os§ovfihyomgh dechemberd iagihout phieringihe ph@wslscolnqmpmoemﬁept t he
relatively smal ro%%‘&r{?]duﬁ' es of adjuncts and particulates that are filtered
or distilled ou e process fluid stream Moreover, -21 W) 03/023840

PCT/ US02/ 24007 eachA@fdeplhedne@;gmé Bi5| ol fHiesd Enﬂa‘mwelﬂmﬁe TRY% Iearenpl oyed
to provide fl o]g rough the chanber 410 without altering the chem cal

conposi tion f Pﬁ’éera ¥ deeRied 10 Ripvide Adratiopiod ellgast warticipsrin gherange afHO nini | t er s
FI , F2 [ 5
filtrat iaznmﬁf a?ag I%ggr%&%ééérﬁtg :%g)srﬁfc?onshgﬂgtﬁlgﬁﬂ@ ﬁ%&hﬁ?gé&reﬁrtﬁ}éﬁ%'ﬁ%er S)

to 50 mcrons. Slpeﬁ'ﬁﬂafsenfaghd:tmrﬁltam)eldctrcdtatﬁaeﬁlsamtmﬁmd cbibin@fiéns théeof, t ype
filters, magnetbcfl lters el | troc{j c.filters, and/or conbinations
thereof. Pref ef Sb¥g0Llyads lflﬁhet strated @pbodimantsraysty feidisgearn pathyvay inip thest r eam

pathway into t hﬁresﬁ&@&?&rﬁlﬁzr QT@H@@J ﬁl‘}é]r%s M3 ¥indl élf:rlnéx?crb ??Sr el spr&!sﬂ%'ﬂ(}])gr#)ﬁ&e nt

before the pressure chanber 10 . I'n particular Ves uid
transfer deW cedl§.oin metiqu‘lﬁer alhwlffctsmnd fned trivesfergieessufor deliearing fluddli the e

di sposed upst ream of one,. f| | t The di tioni units d, C2, C3
may' i ncl ude meaRs o7 ° %eﬁai? ?f%??%og?tqf?%oaﬂﬁﬁ%ct or for mxing
the adjunct and C2. Ihémﬁmcnﬁ@asems)ct T2, @mwﬁwnfa@ﬂa%ﬁ@f&ryn@ﬂ@a%@' vation
of adjuncts. The conditioni n units may al'so 15 include neans fo

control |ing thecheanpiaienplthe a n@"r@ ferdpuxmgth@radmmm@tfl@muhesumsanw m xi ng

d
Torperat ur e conprale iy oa Sup i AAfh b BhR PRk Lo B eravaistrent .

and/or an &kt emhjdejnmkefo,r cbmrolhx@maltanpeﬁamﬁd efthe jahctheatighctrroa f1uid
heat exchanger be useg .for exa 0 The fluid transfer devices P3,
P4, P5 are pref i/mB‘é% ?Véceéforﬁ@é EQQP de girghandeal insixers apq 1 ﬁ‘étnelﬁl%g a

flow of fluid. @é&hf)é}mu?e %%Pﬁﬁy%@ﬁc&@@d@ﬁgﬁir%r %Hlalr?:ldﬂp%lerr%

rticular arrarigerrenEé ave

punps, or piston punps, for exahple. Wile
been i1l ustrateah e‘ﬁ@rnelles@i@i tferlexaermid. nAn electriskl Heatre onp flaidinat &xwhitpes magf
skill in the arf Qgt varloqs nodi fi cati ons may be nade
e used, for €xam
20 The fluid transfer devices P3, P4, P5 are preferably capable of accurately

and consistently metering a flow of fluid. Suitable devices may include diaphragm
pumps, syringe pumps, or piston pumps, for example.
While particular arrangements have been illustrated and described herein, it
will be apparent to those of skill in the art that various modifications may be made
25  in keeping with the present invention.‘ For example, in the system 120A (Figure
2), the circulation line L6 may feed to fhe fluid transfer device P3 such that the
flow from the line L6 is directed to the line L.1. Valving (not shown) may be
provided to allow selection of the feed line (i.e., L1 or L2) for each flow path, so
that the chemistry (with or without CO;) from the supply S1, for eXample, can be
30  directed to either or both of the spray member 190 and the nozzle 191, as desired.
The apparatus 10 may include one or more chemistry supply paths that include an
in-line reservoir (i.e., as in the system 120A) and/or one or more parallel chemistry

supply paths that are direct injection (i.e., as in the system 120B) and/or one or

-20.

ey



25 in keeping with the present invention. For exanple, in the system 120A
(Figure 2), the circulation line L6 may feed to the fluid transfer device
P3 such tWatosihes40fl ow fromthe line L6 is directed to thediwva2ooval vi ng
(not shown) may be provided to allow selection of the feed line (i.e., L1

or L2) for eac I . ) WM A 2
fromthe suppl A}}O{iﬁl p%l\%‘l %?éﬁé%?f[ I Seuth ?ﬁﬁ%&h%&%ﬁﬁ%@%ﬁé&% %ﬁbé)?tg %@re"ggﬁt%l?ﬁ 2)f
the spray nenbsstekDIR0d)d Addeionalziliers, ¥Bdq trassfeteteivices| resefimdrsappaditning 10 may

i ncl ude one or nore ,chem stry supply,path hat incl yde. a i n=l.i ne
reservoir (i. wiisagd Vﬁlﬁu’tgﬁga%%?@fﬁ)\di‘é8%?3%%7%]}’”8{2}1@ aggl?%zggleaﬁqﬂéqy, el

chem stry supply paths that are direct injection (i. e., as in the system
120B) and/or one or WD 03/023840 PCT/ US02/24007 nore parallel chem stry

supply pat s t@kanseydsiagPeoceat i ve supplies (i.e., as in the system
120C). Addi ti onal L@{}et ers id transf Er dev%}ces reservoirs gondi_ti oni ng
I

fl
units and val vi ng @é’%\#d‘@@' DesUsrd do 8XFCpts PN TARES U RV GESS

flexibility. SufdeanhdaafRksh iR JréR6Rhalber AN katjbGed £ MBY sheamised to
execute a w de range of processes wherein the wafer 5 in the Eressure

chanber 410 i speibinscatwdspheres) inpladingrcbamical adivrats, GupngtmsEs of, in

i ncl udi ng cheni cal adjuncts,. an 1 Xt - th i i tates
(g 1 Tqut a vgies Sl Be e i LT LR B brockles MAL S8 o ) 5
cl ean or otgher We&Eort dtldivise @redt (. g0,a0kl) tidwatenf@facs Sif. dte esdnplepthe exanpl e,

the apparatus 10 may be used to conduct nethods segi,scl ofs d in the
fol | owi ng contandrafusoliiesy bs usedpe eentuchmpiiodsy Gedosedrn the IGUowWlgr es of

whi ch are here [ ' I1: O e BsirBs bGhith SRt es: 1.
U pat ant  AppITERT OR BT £ PotE ApRUPE, & ERGRaE M B s B
McC ai n, M chaicofporatal lerein dpdefB@ucalinBEheiBentinatiesd; fil ed Septenber 13, 2001;

and titled Methods_ for eani ng, M crael ect.rqnic Structures tivith Cyclical
Phase Mbdul ation (Al ornﬁ)ﬁ_'%a@Rg@PN&al %S?r-lﬁg\?(b)—;——ﬁ.—u.—s.——laa&eﬁ%—-’ _
Applicatiops Serial No. 20QvERYRNLAESPIBERSuR, JIRXBINAcCIhaBSicERel FLCORI N,
Stephen M Gross, and Joseph M DeSi none; filed Septenmber 13, 2001; and

titled Methods for O eawidigawd Er Beaieardy filerl Sesember L 280hiang titlgdeous

Car bon Di oxi de Systens ( aor.ney. 3 )7~ S aUaS,y. Pat ent
Application Serial No. 2@%&%@%&%{?}@%&93?[@% dﬁﬁé?gt%gegg{gt}&%?ai n, and
St ephen M Phase Modulation (Attorney Docket No. 5697-451P); :

2. U.S. Patent Application Serial No. ;

20 | inventors James P. DeYoung, James B. McClain, Stephen M. Gross,
and Joseph M. DeSimone; filed September 13, 2001; and titled
Methods for Cleaning Microelectronic Structures with Aqueous
Carbon Dioxide Systems (Attorney Docket No. 5697-451P2);
3. U.S. Patent Application Serial No. ;

25 inventors James P. DeYoung, James B. McClain, and Stephen M.
Gross; filed September 13, 2001; and titled Methods for Removing
Particles from Microelectronic Structures (Attorney Docket No. .
451P3);

4, U.S. Patent Application Serial No. ;

30 5 inventor(s) James P. DeYoung, James B. McClain, and Stephen M.
Gross; filed Septerhber 13,2001; and titled Methods for the Control
of Contaminants Following Carbon Dioxide Cleaning of
Microelectronic Structures (Attorney Docket No. 5697-451P4);
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G oss; filed Septenber 13, 2001; and titled Methods for Renobving Particles
front Mcroelectronic Structures (Attorney Docket No. 451P3); 4. U S

Pat ent Appla asakssam Serial No. 30 inventor(s) Janes P. DeYawutgusodasmws B.
McCl ain, and Stephen M Goss; filed Septenber 13, 2001; and titled

Met hods for th’? Cf)@trol of Contam nants Fol | ow ng Carbon Di oxi de Cl eaning
of M croel ect f¥nfodoutng e gremplpmirraseses; e axat baNgacitsed n apsprdagee withs Wo

03/ 023840 PCT/ S024s2 the pfal i S may be
practiced in a%lc %r c?alﬁtgg‘;%ltigﬂ Piéger b%?l’le@g X?Rl?lr%\?gﬁ%ﬁsyeﬁ%?g%é%ﬁ&ehgﬁge
val vi ng, fl ui datoaesfieelydemicctzd o andmpetasadsconaolepgratide/febdbachandéct ed to

a conputerized controller,to provide feedback and control as needed to
conduct the de%qr&gga%???ggéio@ggb‘gﬁh%de?ﬁ HIFEY SEPSs inserted into the

pressure chanber 419hangres 8G4n8&tdiqniolike %&M&Me@l@&ﬁg Ui lakl gemeans

such as adhesive or clanps. Mre preferably, the wafer I's secured to the
chuck in one othuck@lfkpinay suithbbcmedne dudhedsadhedivor dgapsl Mo drbferabdyf, die

hol di ng assenb] i £s-520 (Fi,qur,e 19), and 5 (Figure,23). .The door of . the
pressure chanb‘é’lﬁ%f 25 %egfueegg? © Ci;‘fl%}%‘é‘c?nﬁr‘?gg?etﬁ?lgﬁrs ‘1"66%‘?‘1—%3&’8" %{H§} regand
gases in the pfoasswatr GoRMEIssdiblicd 520 eFaral Btholirz0 (Fii@re 23)eSHeBoLhabEr
410 through the line L16 using the vacuumunit Pl1. Optionally, chem stry

from one or notWe peFssuEshampe i theregfter dpsedggd gealedbe  applied to the waf er

usi ng the ghem stry I LILoni LhQL. T [essurl zi ng
the press ufd(; ch arrbe‘?&tﬁl 8 a}ﬂ& éﬁ{%‘ﬂ E&Bﬁ'?g‘stgg P lze\ésﬁ:"rtﬁg g%%‘r%@eﬂ % b ?\rse etvgceuraeeéjfef?%rg the
pressurized Wi plessGfPcHaprbet dt Giihryughlthalinedl, (Rsing tHso@lad)m uhid®1 1 he

hi gh- pressure tank Bi .. Preferahl ?/y the pressure_ chanber 410 is pressurized
to a pressure of atOPHRAIYAERSTINSY: frofp @uegF BoRs of BE sernjics ShaY2nS8manisut 800

psi and 3000 psin; 1l : ; Wp'R Pl er 410
i s maintained §Jtp hg&ﬁﬂ?%g%%%%%p%?%ﬁ%ﬁ?ﬁ&ﬂy&% Iltyhg%"t %Rgtgﬁlu{a@oplfﬁ; g%bloc
and 80C), for pxrsmupkeg thepregsuee chambdr #dat er as di scussed bel ow. Once the

ressure chanber 4 i 'S pressuri,ze 0 .t he .sel ected pressuyre ense- phase
(pIJZ is ci rgﬁl ated t %Pfﬁﬁguf%g’ambﬁé &z‘stﬂber‘far@rgﬁsﬁvlﬁa%@%eqa@rﬁdﬁ’iﬂp@r Iot he
nozzle 191. Thrqs®CDL IFBETE),) ﬂbfh&l@éﬁglix?ﬁes@lﬁ@Wﬁshe%19,ﬂﬁ@pﬂeﬁ'ﬁré’\ﬁf er

surface 5A. Optional li/ chemstry, w or without liquid or supercritical
c02 chamber 410 is pressurized to a pressure of at least 400 psi; and more preferably,

between about 800 psi and 3000 psi. Additionally, the atmosphere in the pressure
chamber 410 is maintained at a selected temperature (preferably between about
20 10°C and 80°C), for example, using a guard heater as discussed below.

Once the pressure chamber 410 is pressurized to the selected pressure,
dense-phase COj is circulated through the line L2 to the spray member 190 and/or -
the nozzle 191. The spray member directs the dense-phase CO- onto the wafer
surface SA. Optionally, cheinistry, with or without liquid or supercritical CO,

25  mixed therewith, from one or more of the supplies S1, S2, S3 may be applied to
the wafer using the chemistry supply/conditioning system 120.

The pulse generator 102 and/or the high-pressure tank T1 and the valve V6.
are then used to effectuate cyclical phase modulation (CPM). More particularly,
the pulse generator 102 and/or the high-pressure tank T1 and the valve V6 are

30  operated (with appropriate temperature control of the process fluid) to effect phase
changes between liquid, supercritical, and gas states. Preferably, the phase
changes are effected between supercritical and liquid states in a cyclical fashion.

For example, CPM processes as disclosed in the commonly owned U.S. Patent
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25 mxed therewith, fromone or nore of the supplies S1, S2, S3 may be
applied to the wafer using the chem stry supply/conditioning system 120.
The pul sewgesanzdsor 102 and/ or the high-pressure tank Ti awd/tsve2walve V6,
are then used to effectuate cyclical phase nodulation (CPM. Mre

particul arly, rator 102 and/or the I k Ti and
the valve V6 af'%’p @@Pgrﬁ)gr@%%% ‘(wth—appropriate—tenp IHJ‘éer%g rgrjgﬁ%;g]ﬁetgﬁﬂng t he

process fl ui d) JingeseB. M@@lamha&ehaecﬁa@glesaddew@@li Btaindrd, filsd geptembdriical , and
gas states. Pref erablg phase _changes are effect ed bet ween

supercritical and:PRgHiled Meé{tOdéfqrrClamw&M@aqf eEIE@NE Stiuctupas Wil eaghrd, cPM
processes as di ned t 4 023840
PCT/ US02/ 24007P§%p%r§[| c:fmztZ %&@e?@@%&ﬁ |nvgr%t5<%)éﬁ§eaﬁ%glosﬁ%@@‘ﬁﬁ{;, James
B. Md ain, 5M htreky incorpGaited hareid u;mfenbnEe 1rBltsaemmtyl mhy becdorBapeénber 13,
2001; andtltledI\/Ethsfo e ectronic Stryctures with
Cyclical Phase I\/bd Bﬁémﬁ“é’aﬁéﬁ C}?%@?trﬁglaﬁ'}l’e apPledde &9 osur e
of which is 5 t{%feﬁ-‘%wla ﬂl@%ﬁ%grrﬁérﬁgerhgbeFﬂll@XmJ}%&ﬁ&@%&kﬁr fib tﬁ@f,ﬂegs%}a/ may

be conducted. During M cycl es emstry
applied to thechamweeﬂlﬁnmydvetrbmomdrmmr&mwessumgﬂlanféleu#w awddequmulatetdjl at e

matter fromth es nber 4 ed f.romthe
Charmer 420" anpeRLEFRdhe e BT RS sibremn SoraRah i cenitealnd Gy BEERE LSS or
200A and/ ongr eghd gelspdt@d 1202 the line L6 10 and the system 120. The

process fluid (dense-phase C02, adjuncts and waste nmatter) is renoved from
the pressure chanbe?fhﬁlmwcvﬂsaﬂ‘{l%édelﬂﬁméh@sﬂ_@ozﬁﬁhm%%@%@@ﬁt%@%w) isgepoved) be

wi thdrawn fromgl thethQE)ﬁ%ﬁhlé gh&ure Cg ﬁ% gig}éen%xg\ag%x?ﬁggg lo E% 8%9% Ss

pat hways (i ncl | I'ng € press &> oné nor e
times 15 wit hw@uhﬂﬁvjnlﬁpmﬁwcpsre@uwf@mbén 41 to @Q3cdvetymabke Thaplocdst. The

foregoi ng steps of opti naII appl yi ng ope 0 he chem stries S1,

S2, S3 to the RAPERYYWRYHAiBE th ekt C%é‘@gﬁ‘)“ Oémfbetflwsée@mqaﬁ@r? 8M5%i ng

the processsf| lhgwm ng the final CPM cycle,
P S jﬁ?é’h%d 652%%%&51c§15c©?ﬁ§xﬁ%e fakaw ng y

the process flu optionally arinsing fluid (e.g a
co-sol vent or 20 sufThabireguidg stepoivfypéinsaly dpphyimg bee sruppiei ﬁ@@bemﬁﬁ;es& ont o

th f 5 f t h 190).. Th
bt essur o chavhSh St g e e BHEG Mk G000 ForkRbfile GEPDE BRYine i at i on
pat hway) are t hergadesefiuid mshedrepedttd Sofdded Mot thdfiaallCPMOcycle, the

process fluid is removed and optionally a rinsing fluid (e.g., a co-solvent or

20  surfactant) is dispensed from the supplies S1, S2, S3 onto the wafer 5 (preferably

under pressure from the spray member 190).

| The pressure chamber 410 and the process pathways (including the
recirculation pathway) are thereafter flushed with ScCO; from the tank T1 to
remove adjuncts and remaining residues. If no rinse fluid is used, a pure CO;

25  (liquid or supercritical) fluid is used to remove adjuncts and remaining
contaminants from the substrate. The flushing dense-phase CO; may be
recirculated, but is finally removed via the line L10. A final rinse of the wafer §
and the pressure chamber 410 is preferably conducted using pure liquid or
supercritical CO,. |

30 Thereafter, the pressure chamber 410 is depressurized and the wafer 5 is
removed.

Preferably, the apparatus 10 is operable to apply the process fluid from the

spray member 190 onto the wafer surface at a pressure of at least 400 psi, and more
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renmove adjuncts and remaining residues. If no rinse fluid is used, a pure
C02 25 (liquid or supercritical) fluid is used to renove adjuncts and
remai ni ngwaooosicass4nant s from the substrate. The flushi ng dexgeepbasw7 CO2 may
be recirculated, but is finally renoved via the line L10. A final rinse of

e et g o BRerhae RRal b6l RIFBY ot 000 BoiP TRE SRR mEPRIHER SRR,

pure liquid or” supercritica her eaft er’, ure ¢

i s depressuri zéds moess fieidwahvafer fising the srmyvmembelr Blewiabthe, spidfenapmanaous 10
is operable to apply the process flujd fromthe spray nmenber 190 onto the
waf er surface aqtatglggp{@ggg]%éggwa 'ﬁgggrtOTM$%'§iSPra¥ﬁ’éPWé&g»Q5SV@YOSI 023840
PCT/ US02/ 24007 f B3P the BREYBRRAD [ ig107 ocess
may i ncl ude apﬁegfkﬁg t he %%cessﬁ)f ?ﬁlﬁ’%‘i)tagga}aﬁpclgg?%gﬁ?%}é@pﬁ'}lgy?%% er 190
with the spfaySidnmharbel®Gtiondtyadriveg. rel ative to the wafer. Either or both

the spray nenber (e,g., the r menmher, 190  or the spray nenber_602) and
the chuck (e.g., thégocf?ﬂ}’@k agﬁ&r %ggesg%uld:—)m%% P’f?é(ifﬁ’géc’ioé% @Fi"&n?%@]ﬁ?y driven.
Moreover, a fl quapls (e Ro6SS Alldiing ﬂﬁ@xhaﬁb&r@u'vﬁeéife@&5§§zg%t{1gﬁd,z @%@%zéégby he

feeding the process fluid into the chanber 410 via a
nozzl e 191) ah@l)singhsimalizgenvslyyremeningiprgeess Suidghroiifuboke btmoregif tomeutlet nor e

f th tlet .li G, N 7 h i 10, .th ine L11, and/or
the 11 ne Loy, Breremsis e dheingfif fobntht SR e it SRl sich s
flow through t ke pbaakenosslébeadbléto gravide ohchad fldwa@Tbugh SR EhardSerAD @t above,

the process may include sinultaneously pulsing the density of the CO2

cont ai ni ng pro?ﬁé%QféFtIIQﬁSH2 &Prd- spraying the process fluid onto the wafer 5.

Li kewi se, if the ph ti i 1Pl ale pul.se 15
generatof 102 a [l autSrarhe s Hbrh P AR IR BB S T e
provi ded at t hdesityef ther@Oasntairéng prosedsyluidand siraydng thEpeosssd @iidanetéor t he
spray nenber 19 .be .si taneously rotated. Ip each of the foregoing
steps invol vi n&’a?ﬁ’ig‘?ﬁﬂfﬂwl%ﬁ%ﬁg}ﬁseBW{SIH%‘PPF%%CFO‘PH shedsipedhs P nay be any
sui tabl e chem stidrasr 1020a PBRJEAE Fbeesh FujBtht hgﬁr&)&@hﬁo@r hf@ﬁag%@ the

chemi stries may include co-solvents, surfactants, reactants, el ants, and
conbi nat i ons t hewvidstl at Netsabe fimetas éhesdgpaitnmedhlation. pabdwatend/aod/of theshiayg

reans of  LN® SISHLPIS) BBl ARSI 50y Do used to safely and

In each of the foregoing steps involving the application of chemistries, the
chemistries may be any suitable chemistries. In particulaf, it is contemplated that
20 the chemistries may include co-solvents, surfactants, reactants, chelants, and
combinations thereof. Notably, the separate flow paths and/or flushing means of
the chemistry supply system 120 may be used to safely and effectively add
incompatible chemistries to the chamber 410.
The apparatus may deliver process components in different states (e.g.,
25 liquid, gas, supercritical) to the chamber 410 and may allow for components in
different states to coexist in the chamber 410. The apparatus may provide heated
CO; gas (e.g., from the tank T1) to drain or flush process COmpone_nts from the
cleaning chamber for cleaning steps using liquid CO,. Alternatively, the apparatus
may deliver a secondary gas such as helium, nitrogen or argon from the ’secoridary
30  gastank T3 to displace process ﬂuids'during a cleaning step and preceding a rinse
step when either liquid or supercritical CO; is used as the primary process fluid
during the cleaning step. The apparatus may also provide heated ScCO, (e.g.,

supercritical CO;) at a temperature higher than that of the primary processing fluid
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i nconpati ble chem stries to the chanber 410. The apparatus nay deliver
process conponents in different states (e.g., 25 liquid, gas,

supercri t woalisjo2ssaot he chanber 410 and may al | ow for conmporrETBSIRN4007
different states to coexist in the chanber 410. The apparatus may provide
heated CO02 gas:(e.qg.,..fromthe nk..T1).to drain.or .flush pracess
conponents fro t%h%gef@}%i%‘?’?{éhaé‘ﬁéﬁﬁ’@‘ef pary PEPTERYRE fBids uﬁgﬁﬂgmpfaa%i d coe.
Al ternatively, prbbgsiapPRidtafer a Wéﬂ?f,w Pri S0 ANARE ¥ IS dehBhgasepiel i um
nitrogen or argon fromthe secondary 30 gas tank T3 to displace process
fluids during using ¥4&fdng step and preceding a rinse step when either
liquid or supercritical CO2 is used as the primary process fluid during
the cleaning step. The apparatus may al so provide heated ScCQ2 (e.g.,
supercriti gal %}X‘/ﬁco&e&%@&mture hi gher than that of the primry
processing fluid -26 WD 037023840 PCT/ USQ2/ 24007 but at a density |ower
than that of the prihesaprlyfiseqyssysysier 300ds adapiefl tosupplypndlerrecyile aedsr ng
fluids after i i | j.nse i ng steps
using secnz. SURSRTOF e eRem Ry (P Cleahe Rrocel? PaShERRRE BHERRLTE B
adapt ed to supgkne @Dgdwill be lesty (The paedssiray Swludke batchXyalesiiviiere citepressartey t o t he

cl eani ng process. (As the process proceeds, sone CO2 will be lost. The
process may i rfj'!aﬂ’(?ér ‘b]aﬁ’élﬁ’r"é?‘&qzég ag\g;]gqpées§wéze}5\rné§r§mn@es AR OMATNF S
pressurizegy a ur aPBRYyddi ' 85 ; - ostrat es
(e.qg., wafelg)r srggl;b %ﬁ’?tﬁ%@g h t%%&&%ﬁgggﬁgggﬁgmﬁﬁémﬁ%ﬁ For
exanpl e, sone K@2xwnple, frand GOt wilbbelosits phwospheteerheanithe presgisachambenisber i s

opened to renove a repl ace, waf ers. . Sone - CO2wi | I...be, |l ost from f he. system
PO e wast o GEPELIRERRYE fEt HPLET Rarer Cartt el it B tosef i A stet i pont &
of the CO2 witht wase BB MM REn&T froh RS ¥Wsken I STiskeRidl Ak stheCos
potentially unsuitable for 15 further recirtcul ation throuagh t he agrocess

| oop. For t heswilkkepoptamingted psothervessgapderedunsyitable e pelenialyangtitahledt i onal
C02 to repleni . S .5 d ] i be
desirabl e Sg r%gt;}}%:l{%n%atgg‘stﬂm@%t?gﬂg E’E%Srpnsrlgfég ‘yﬁ%trhégeceyﬁégggg’ﬁ{ ls%/lﬁ%elsgaﬁgg(%/at us
10 or el sewhergrovide s@iroeskof@daditistiyd [ tWédplerni the € ot droni e heocdss. t he

suppl y/ recover y.stem 300 i nc| ud a CO2 ock supply 312. The supply 312
may be, for ex%ﬁ%i/l@r}a%@oé ’%%Xd%?l‘ie B3P C m&feﬂagmean&tw foRESSIN car boys
of " sub- ambi entpl Lwtihus 96 oPHkyIRHRP! Y SYStens of I

20 Stock CO2 supply

With reference to Figure 7, the supply/recovery system 300 includes a CO,

stock supply 312. The supply 312 may be, for example, CO, supplied in one or
" more liquid cylinders, carboys of sub-ambient liquid, or bulk supply systems of

sub-ambient liquid. The storage method preférably allows for supply of either

25  liquid or gaseous COx. .

The supply 312 is ﬂuidl}" connected to the process chamber 410 via a line .

L.17, which is provided with a valve V11 to control the flow into the pressure
chamber 410. Preferably, the system 300 is adapted such that the CO, from the
supply can be delivered directly (i.e., without aid of any fluid transfers devices,

30  pressurizing tanks, or the like) into the pressure chamber 410 at a desired pressure
(preferably between about 15 and 50 psig). The supply 312 may be from a gas or

liquid source.
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sub-anbient |iquid. The storage nethod preferably allows for supply of
either 25 liquid or gaseous CQ2. The supply 312 is fluidly connected to the
process cWandsan3sdd0 via a line L17, which is provided w tHtTauScakywe7V11l to
control the flowinto the pressure chanber 410. Preferably, the system 300
i's adapted such thapnqt : LyY&r i ¢ y
(i.e., wthout ai dag “gﬁf/&?%& a’oc%ﬂrtgﬁgtf %?dsmlgde&\éfr%zg? ggﬂg%regc\s{agﬁl?%zgﬁ@??%nks,
or the like) i ptooessing spetesssuarisormtianbebevdib@esdndafretesidreidg pslesaitrod, or dry

o 1 qui o’ soulEus TopRiygeS) ot PReRMI TBRT0 e S RN y
di stributed fog  ShdHl CON B8 boMiBhabf fch of BOGMPLORARH, NY_SuCh

as carbonation o evérages and freeze-drying, pH control®, or dry ’ice) is
not suffi ci &nt bthecgasesy whatar apd pertissiategmatfernidccardalgh tthosyisensshant es.

Commonl y, such, su ies inc| cont am nant uch .as organic terials,
5 ot her  gases, lﬁ(f@’ﬁéﬁpgﬁlé?i}mlil&#ggawﬁs?ﬁl&ﬁ@&éﬁ?&?&f*ﬁ&?%ﬁ?ﬂf& &m 300
may include agpyridd matficaionimit DPlis §REMRRNM0 bhEASHRIRIOL s3pRlydthelrBfuigfeessur e
chamber 410. The purification unit Dl is operative to purify the C02

supply to the bkuachigh ¢leanlimessrapdiivgity. cingbismansers therplrificationunit B1ehitdesmanner ,
the purificatign it Dl enables .the effective e,.of .foad grade or
i ndustrial gr a§)§ e%?}veﬁ?gpgg%pdaqr?%evﬁrﬁ&f sh-éa(fgga ecgﬁ ﬁ&eégays@lowg‘@g%BTVfchai ns

and distriboti existdyaupslyfchsin©aRd difhbufiol thdigefor @Duni t D1 may i ncl ude one
or nore of the followng neans for filtering gas or ljiquid C02: 1.
Distillation: The CHbe prEifiggtionpaik®lpamngluge 88 asmeraef the &ilogvingmersus
portion of the : i Y. may be drawn, boiled, relocated 15 to a
col l ection vol aor?rreqmg}n%g %éeg-éggirlqglensea'; 2. Filtration; 3. Menbrane separation
(preferably paired w th #i Bistillaion:oTihe C@pnhayt be Alsar fromangaelsssppplpor §ée. g.
capture based on attractive.forges- or | ecu si ze)., 20 al so be
delivered to the pr&SELE ROFHQP Otﬁtg?éuﬁ?%t lﬂﬂida‘!;qg%/l?ai’gefiﬁé”nrg%%ga&%{%ca&ﬁlanber
410) by infsoduci ngiaddifel@iadolR ahdtlcdndgnséapor - saver unit 320 di scussed
bel ow. Preferably, this additional G2 is first purified using a
purification unit correspohdiratgpm;o the purification unit Di.

3. Membrane separation (preferably paired with distillation); and
4. Absorption/adsorption (e.g., capture based on attractive forces or
molecule size).
20 CO2 may also be delivered to the process (and, more particularly, to the
pressure chamber 410) by introducing additional CO; into the vapor-saver unit 320
discussed below. Preferably, this additional CO, is first purified using a

purification unit corresponding to the purification unit D1.

25 Waste stream handling

As noted above in the discussion regarding the process, at various times _
(including, typically, at the end of each run), processing fluid may be removed
from the pressure chamber 410 via the line L10. Such fluids may include liquid,
gaseous, or supercritical CO», chemistry, and various contaminants (e.g., particles
30  dislodged from the wafer(s)). '
The system 300 includes a low-pressure tank T2 to receive the waste

stream drawn removed from the pressure chamber 410. The tank T2 is preferably
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25 Waste stream handling As noted above in the discussion regarding the
process, at various tines (including, typically, at the end of each run),
processi ngd d3uw2sB4oay be renmoved fromthe pressure chanmberrcAlsozizeoorhe | i ne
L10. Such fluids may include |liquid, gaseous, or supercritical 02,

chem stry, and various contam nants (e.g., particles 30 dislodged fromthe
wafer (s)). ThePay 258 PrSSHEE ahkeiwaen eheuppmbivnt end 3R iR The vobase ue t he

waste stream re,cha r 410. The tank T2 is
preferably - 2%5 %m%z/eig%%%&g%@%%gz%%@g vl en‘?fta%ﬁﬁgﬁs%’tre %Paﬂ?b_&%gme of
bet ween about anbi dhlffemmdcﬁﬁﬁxﬁltpmsl.mé&h& ?@bllrl]léﬂi‘toQﬁe tahRerat ﬁﬂﬁ%ﬁﬁ chs® the
preferably at least .5 tinmes the volu of the pressure chanber 410.

Di f f erent cor‘rp%@f i%%%s%wn@g t@k{%lm‘ggplleifaﬁlﬂﬁe the presTe in theviarikcF2 isdsss t he

tank T2 isjsa Stﬁ%@i@%ﬁr@é%lireq{ea&fﬁgét{]eagéfa&ﬁ?iﬁd%lgﬁ aR:le%ﬁfl{%%&}"ghet he tank T2

is less 5 than that of a pressur upstrea
communi cat i ng Reesshretdhemperell9iso ¢hat hzengressusel diffsrentiblofordel) thePl B&SdHFe8m into

differential fprce ste stream int the tank T2 fromthe pressure
chamber 410. ﬁﬁ%faélﬁ g@ll’@c’[x@ﬁé’ r?ﬁ%?‘?—%?‘@égifﬁé)- tiaRferaply thy lghwesssurnéani B sur e
head so that nRowAHERhEprefufCheadRE MR NG | fifeer! %ﬁﬁﬁéﬁlrdggibe H}%@ng uction

in pressure of the CO2 as it is transférréd fromthe pressure anmber
410 to the tank T2 Theyedistionbupressutedfithe Cokas tep anmférond fr&upey pressutecal CO2
process fligi d e rough a pressure reduction device (e.g., a
control . \}gl vgﬁg%b%r‘%l? ﬁggg&"@% JQQF‘&X%F ‘ﬁ?‘gé’sﬁf“&wﬁ%epﬁﬁugni gm%ﬁ“@&é&hg,
conponents of préwss ﬂuidmmgpiddéd(ﬂhrbﬁ%lga pre‘éﬂﬁ@‘r&ﬁlkti&?diéw&t@ﬁgra cﬁ;ﬁ&{ﬂa' ned
cont am nant s) nEy be . r%ndered i nsol ubl'e, thereby facilitatiig the
efficient sepdPREioBRTIHES)INE Iewes prersurel B\ tdhis dowieri pressuss, ¢angbrnehts wif theCOR
stream and a 3 s AN .alte . St ream. upercritical CO2
process fl ui drﬂ)‘g‘nﬁéysz;llfl ésghlgéé'giElgér?ggéi‘e%dﬁrﬂlgtsg({{%g{r%? éég %%mln'aﬁﬁilggy E?ﬁ to the

t wo- phase Li quéntle@asnsolwde, dlier¢Yyefaphissimgdhaeffiefont SdpasitioR YT BRARpSdel he
segnentatiion of differen r. s fluids in different segnented vol unes of
a divi de(!igt aﬁ{{e%? %P?ﬁgbﬁ'ﬁulﬁm@m@ﬁa@d%ﬁﬁ‘éﬁﬂ&ﬂ %ﬁﬁowglﬂﬁe@wcﬁﬁﬁageous to
could 20 mtigate thaipgRREEACAO HrEEesEN g 1i e nore
costly to mana e_thar?gsi ngl e%&pqeﬁent ﬁ%ﬁ%\?gltsgtl)%%%%@%te%{; |oSH1%nay

al so enabl e t Feductien 1o thatwephase Lifuid/Qak atcaod theophasegiagmatr. cFhiofmay beable

Cher cal " ad) ufis cRRRARRP Lot oree SRR Mo Grpugey yolomes ora

divided tank or multiple tanks. Such segmentation may be advantageous to could

20  mitigate the generation of mixed waste streams, which may be more costly to
manage than single component fluid streams. Segmentation may also enable the
utilization of distillation for separation of the processing fluid components (e.g.,
separation of CO, for recycle from chemical adjuncts and entrained contaminants
for disposal). | |

25 A liquid process fluid stream may be expanded and heated to the gas-state.
This would allow a continuous distillation-like separation of components (i.e.,
evaporation of flash evaporation), for example, as described below with regard the

distillation system 340.

30 Recycling and abatement

The waste stream received in the tank T2 is thereafter transferred to a
recycling/abatement station 310 through a line L.29 (which is provided with a valve
V12). The waste stream may be transferred by means of a pump or the like, but is
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25 A liquid process fluid stream may be expanded and heated to the
gas-state. This would allow a continuous distillation-like separation of
conponent wQ(03/0e3840 evaporation of flash evaporation), for rIaPREI00AS
descri bed below with regard the distill ati on system 340. 30 Recycling and
abat enent The ste streamreceived in ank T2 cllhs t her eaf.t

transferred t8TACTaPYTARSICHGR 4HAE & ARHIMES %f’tl? 8PP SYGAS REHSRS fi’if%éeq_’?b (whi ch

i s provided Waﬁéyo@oeé@ity eTo WeaktenT IR WS @reihHRa HLamiphRdina e e £, by
means of a punp or-the like, but is -29 WD 03/023840 PCT/ US02/ 24007

preferably tr dresé exaydd twsiofigoae separamalmadcl@wlrm@éhmmsmmhe separatadsstgamas

differential _and/or rag {Lg th fo nt ﬁhe vvast tre 41 g%e

1 S y t? ?e e
separated in g‘i’fesei’%fm?g“?? mg‘We 3 (g ﬁ F%F’@ 3Pt &9 PRE
del i veringst hg W?ﬁfc‘iﬂ 360 ﬁ%@f@b@%g%m@ for separ ate handling by the
uni t 310. These streans may be treated and directed 5 bﬁethe system 300 in

the fol |l owi ng manners: 1. Co;CQmpaydee dispsed efithosughinogtighedcsntind?l ed vent i ng

or draining via a Ji.ne L27 t eric /
col lection for rdéfrlﬁlf‘éd ah%én ﬂ%ﬁﬂ en%g%mgéhe Al rdelclthﬁ’%gsup ?Og Ct?gn 1?0{1
pressure chanber 41@re1§¢@duge§1 a line L22. The CQ2 is preferably purified by

nmeans of a purification unit D3. The CO2 as delivered to tR{t{g res ure
chanber 410 through the 2 Iin@QﬂaYn@ﬂlﬁétléﬁu@I@étt%Fhetliﬁéfﬁurétc g

pressure, pn whi ch 22 finl L28%4ne €6 ggﬁé%e {BIPSIA R By Hhe 49 ng&nﬁ&% n

pressurization of the main process at the I ng of each
cycle; 15 3. CO2 mamitls. dTlliaaCOeals detiveded tetheifressate anambeni 4100tirotgh tegh the

line L23 and thereaft into, the ressure chanmber 410; seou
be directed throug méelpz}rrf"f‘)f E%‘Et e Hhan atpesPherie REgshs: ‘I“l‘mﬁ(:%‘f Br?ﬁ%t 314

(whi ch adjusts the praseul iR o Bidhé tereRER-ARS)of (RORaYRRELAtE L0 the

stock CO2 supply 312 tor further use in manner descri bed ove; b.
CO2 may be passed tchambghatshghagirhingaaficoeh eiynle; D4 and re- pressuri zed and

cuppli ed 1 Lhe I g bregeur o, 1 o1 U £ LhBS R By BRG B e
L26 through a puri flifeatd30dhd thereafter into the pressure chamber 410,

4. Gaseous CO; may be directed through a purification unit
D2, through a liquefying unit 314 (which adjusts the pressure and chills the
CO; gas), and supplied to the stock CO2 supply 312 for further use in the

20 manner described above;

5. CO, may be passed through a purification unit D4 and re-
pressurized and supplied to the high-pressure tank T1 through a line L25
using a pressurizing device (e.g., a pump) P8;

6. CO; may be directed via a line 1.26 through a purification

25 | unit D35 to a vapor saver tank 320 as discussed below; and

7. Chemical adjunets and contaminants may be treated and/or

disposed offrecycled through a line 128 and in accordance with good

chemical stewardship.

30 Vapor recovery

Following draining of the process fluid from the pressure chamber 410, a

pressurized CO; vapor will remain in the pressure chamber 410. It is desirable and



25 unit D5 to a vapor saver tank 320 as di scussed below, and 7. Chem cal
adj uncts and contam nants may be treated and/or disposed of/recycled

t hrough awa i3@2828 and in accordance with good chem cal stcavwesodaiop. 30
Vapor recovery Follow ng draining of the process fluid fromthe pressure
chanber 410, a ressurized CO2 yapor will remai.n [,n the pressure_chanber
410. It is desPRIECSSAY 1© TSHOVINIPABIEMS t‘?’&ﬁ?%%ﬂ%‘?‘% Cg?'qigfﬁ 4ﬁ§é%ssary

to renove thi s apeihdaiteiratt@) RRENWaEr(He pressure chanber 410 to renove
the substrate(s) (e.g., waf er(g%:. One ‘met hod for depressurizing the

chanber is to vent Ohemsitdier depsessyrizing dewhawberaid to wend dkeechambersysing d vel vy,

b . d 5 d '
o costr o ahamb BTG e eE Lt Qe . M RS BRUEURDATCs i g

vapor recoverydowy Seqivesddr iafik fredshecthambédloows. Such net hods and
apparatus may enploy features and aspects of the nethods and apparatus
di sclosed in U.S. PdtberressuggiithedtPomagalso brgeduged ueng 9 yzporfipqoyerySept enber

24, 1999 and i %&?3?3%‘9&&%8 aé?&fokx%aghgrpgl?ﬁ{ods N2 a&%%&sgm%}?gipﬁlg I ed

Sept enber 25, vapor recovery tan pressur co 322" is
used to rapidl Year@eindradpédtXofthy pietwldb ynd gparanis G&fdsedtin ths: Paredt of a

le through a |i 8. _Th tur ed is typical
Clper ori ) cal MPANERIoBger My 0BEU4957 dir S TFHOwT b 985 TS VA g i o
preferabl y,§r ompbgBRISLRPofdS 1Sh DL SetdiinlinstBogy 0l d T ormation of

solid/dry ice) I's manner, the pressure chamber 410 may be
depressurized very Aagpdt secovaty tankageossirized tomtainapdaR isngedotrhpidlyi s not

constrained by the volunetric thro ug ., of chani cal vice (€e.0., a
conpressor) . ¥ﬁ%°%lcf¢k{tm Catucﬁeg?facﬁw&é%§P§°F§Hk°°§%xcgeq§‘ro g@?’&ﬁ?s on the
order of one 1Q85Gf biftBRRdA®, ¥ 8lpitilly Afgal BEsuPerSBIAEIGA MU Bay4EQ.1igdl The

captured C02 may be handl ed in any desired manner, inc] uding: 8 it may be
di sposed of t hfipwgtctacast.the vatingas pisprably Siopethe\pogomepfdhgehambenblQiot hr ough

?ez ch)\r/gr6e2I arl]gn g %}A’f%g 3%:‘?”2‘“‘3‘55 %rf Ecﬂgdéélj?’ E@e h gﬁ#% Prg %%%F’?‘ggbfegérﬂ\n? ééaél?ﬂ,e} gi]@(%’f?gas ed
fire 25 suppr egsidefresufit@iVedy rapidly opdgamtageotey nhe chmuringayptiod if mt use in
some ot her constrained by the volumetric throughput of a mechanical device (e.g., a
compressor). The volume of the vapor recovery tank 322 is preferably on the order
of one to 500 times the volume of the pressure chamber 410.
20 The captured CO, may be handled in any desired manner, including:
a) it may be disposed of through a line L.21 having a valve
V10, and preferably through a surge tank 324;
b) using the line L21 and surge tank 324, it may be recovered

and recycled for use in another application (e.g., a CO,-based fire

25 suppression system or a storage container for recycle for use in some other
service);
c) it may be recovered and recycled for use in the same

application (compressed and/or liquified, and/or converted into SCF) and
re-supplied to the processing system or to the CO;,-supply system; |

30 ' d) it may be used in the next processing step to pressurize the
pressure chamber 410 (which may be a prerequisite for pressurizing the
pressure chamber 410 up to sufficient pressure to effectivély add CO»-

based processing fluids).



service); c) it may be recovered and recycled for use in the sane
application (conpressed and/or liquified, and/or converted into SCF) and
re-suppl i ea a3m2sdae processi ng systemor to the CO2-supply RysUHR4®0 d) it
may be used in the next processing step to pressurize the pressure chanber
410 (which may be prereclui site foi[n\)_gress rjzi n%the E}ssuisg. chanmber 410
up to sufficient preSdaPY IEQVERSYEEM/BRY NEHYe AP IALREY 68 nﬁ?"ﬂ ui ds).

-31 WD 03/ 023840:Rdf HReRAIZAROhe pFESUERRRMbECLIDMB the TapdF RIFLVERY tinke)ude a

conpressor P7 for assisting the transfer of material fromthe pressure

chanber 410 t For hxampipmt theeend vé e pracassicigsgycle, B preseurgrihembat 4 0hearhelatof a

processi ng cycl t he sure chapber 410 may be. at, 5 hi p sur.e

(o gas ot vt Priraed(REa: SRR Bt PrdPiherGich o OB FREMO -
3000) - and §he 308pPdnd'tBE PURE Yech A (IR BEbSEL aAolvpheRERS I bler th Order to
depressurize the pressure chanber 410 to a | ow ( ., amnbient) pressure

; e.g
very qui ckl y depregsurize ghedirpsswe spambpergt181to ehew dnanBebleaRPressHEWaTY of t he

substrate) while Vi [:0F | ( rS..my be
equal i zed, an@uﬁlfgﬁé’éa’;}gaahg‘gr?g%gégfr%ﬁ%mhg&uag@#?g%ﬁgﬁ%ﬁo%ﬁ?%m t he
mai n 10 procesgsinpthechgiolaroftiee COg thapay clmmbets hanke equatizé), ard gdeaond vapor

recovery tank may be used (e.g., in cascadi na manner) to ain rapjidly
equilibrate and additi ol | y 3cOmPFessaianahbeuseiie pith meg Gf? the BABEnber

410. A conrpressor : ‘ I terial fromthe vapor 15
ilil b@é\/{%g%ﬁ?%ﬁﬂlbg§ﬁ)§¥lé gaéd? NeV& thile AR p

recovery tank(s) e end Irst run’'and the end of the next run
at which time the vaporm)recewsecondtvapi(soveny tank maycheiusedi(a o, ine at | ow

pressure again. The captured may be, handl.ed i n any. of the manners
descri bed above. |tca§ﬁa3 gﬁg’“ﬁﬁ%%ﬁ‘i’ ’@@lqlﬁﬁﬂulbgﬁt%ﬁ@ %ﬁit\ﬂnﬁl& g’ﬁvc?r fow
control apparatus igless@@dftteqfless@relchahbed 4105t rated may be enployed in the
system 300. The vapor-saver 20 system 320 and the several options for

handl i ng the CO2 frArempisssgasrs alsphbeagedio remege thegnaedalifirgeferigpet and any
. e S LR SRR P i Tt B
use any of theimeikadgor iesdved tafiqyamay b slgiuirkditd gt low iptdssuat bgain. Thebr ane
Separ At On, A U8, tay be handled in 90 of e redhnats destitbed Bhove.
It will be appreciafed that various valving and flow control apparatus in
addition to that illustrated may be employed in the system 300. The vapor-saver
20  system 320 and the several options for handling the CO; from the waste stream of
line L10 are independent and any may be eliminated from the systerh 300 as
desired. Each of the purification units D2, D3, D4, DS may cortespond to the
| purification unit D1 (i.e., may use any of the methods listed above - distillation,
filtration, membrane separation, and absorption/adsorption). As an alternative to
25  the several purification units D2, D3, D4, DS, two or more of these purification

units may be combined so that the respective flow paths each have a common

extent through the shared purification unit and thereafter diverge.

Pressure chamber assembly

30 With reference to Figures 8 and 9, the pressure chamber assembly 400
includes an upper casing 420 and a lower casing 430. When in a closed position as-
shown in Figure 8, the casings 420, 430 define a pressure chamber 410

therebetween and a sealing system 450 as described in more detail below seals the
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25 the several purification units D2, D3, D4, D5, two or nore of these
purification wunits may be conbined so that the respective flow paths each
have a cowwnos/o2ssebent through the shared purification unitpcamkocheneaft er
di verge. Pressure chanber assenbly 30 Wth reference to Figures 8 and 9,

the pressure c er S 4 I ncl.ude n { casing.4 and .a | ower
casi ng 430. V%(éna%?oﬁ réﬁ@'l gggéxrb%slgﬁd&%osgﬁon %ﬁgﬂﬁg?’gﬁﬁuﬁﬁs’ea ,r??f%’@p%?gi ngs
420, 430 defi nelamppHe6 sufcundRadberiodd 6f the Besiehe1200830 ldnids ibAGf &St em

450 as described in nore detail bel ow seals the -32 WO 03/023840
PCT/ US02/ 24007 Caséntes i 8r 4301 O he\apasppsidd0 gar b disalaged iorallon the castngard20430 gur e

8, a pair of Owéﬁﬂma@dﬁﬁ%?ﬁéég%gﬁﬁ&u&%@g?’ﬂﬁ8‘_"5'#%'9’3 of the casings 420,

430 to limt separation SI ngs e clanps 440 can be

di spl aced t% allow the casings 420, 430 to be separated into an open
position-as shown in Figure 9. 5 Guard heater A guard heater assenbly 460
is disposed in the &9@5&5@&40 and includes an upper guard heater 462 and

a |l ower guard heat eAhgg'i ehe-Elfb? agéégf;af& jmtsgkpi%ﬁg]ﬁqpé haAH9r gl@fé%lagxi%g?égol di ng

vol une 411 between t aters 4 472. aten or chuc
di sposed i n t hen hppedigngrdhehten$6244dntl setvergrard heatgudit2d Theeatdtsatds2, 472 and

is adapted to su t the wafer .5 for rotation about,k a vertjc axi s

bet ween t he guéﬁsgxgﬁéh‘%@r%ﬁﬂﬁsfﬂqg’?g Vﬂluérffr‘gv %@tﬂiggat?rg 4#06‘%%36\ in a
groove 464f)t h?latH%RﬁrchﬁléJ@S_l@ i08Rb&Yed Mk MMHiIRE FPAR 419 tdivRE thef dudtd through
nozzl es 192 onto the worki ng surface 5A of the wafer. 15 The casi ngs 420,

430 are pref er bestsrs d62.H 73 mnd & adapted ¢o suppovftheswafen B desrotationkbow e vertieal

sui tabl e netal ,_.Passages. 4 B, 44 re for through the. casi ng

320, "Passages. PRI I BARARERGMATE RiBri i O RS Do
seen in Fi gur egovt BE driupgerddQrdinaten a6 2 andihduptdd @ igectARAd Wirddyhan outer,
annul ar recess 425 forned therein and defined in part by a vertical wall

425A. The casi H@)Z_ZifG 193 ontpake Jotkipg sureace PA{ghe &@fFfwi th an annul ar groove
435 1 o ody ¢ et i . T0Eu 11390 3He 0¥ S50 Gtk T, G801 NS

420 and 430 have opposing - annul ar abutnment faces
respectivel y. W déthersafteblencealt BadSagpard@3A 12212 422 Kearel fipered ghrangh the adsimg 462

i ncludes an i pjerior menbel ASh haykng B Lopyvell AB4A and,an qnnular side
seen in Figure 9, the casing 420 has an annular flange 424 with an outer, annular
recess 425 formed therein and defined in part by a vertical wall 425A. The casing

20 430 has an annular flange 434 with an annular groove 435 formed therein. The
flange 434 has a vertical wall 434A. The casings 420 and 430 have opposing
annular abutment faces 426 and 436, respectively.

With reference to Figures 10-12, the upper guard heater 462 includes an
interior member 464 having a top wall 464A and an annular side wall 464B. A

25  spiral flow channel 466A is formed in the top wall 464A. An outer plate 467
covers the top wall 464A. An annular surrounding member 468 surrounds the sidé
wall 464B and defines an annular surrounding channel 466B therewith. A channel
466C fluidly connects the channels 466A and 466B. An inlet 466D in the top plate
467 fluidly connects the passage 422 A to the channel 466B, and an outlet 466E

30  fluidly connects the passage 422B to the channel 466A. The outer plate 467 and
the wall 468 are secured to the interior member 464'by welds 8, for example. The
spray member 190 extends through an opening 467A in the outer plate 467 and is

retained (e.g., by an upstream nozzle or screws) in a groove 464C in the top wall
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25 spiral flow channel 466A is forned in the top wall 464A. An outer plate
467 covers the top wall 464A. An annul ar surroundi ng nenber 468 surrounds
t he si de weai3l02884B and defines an annul ar surroundi ng chauTrUSMBEB7

therewith. A channel 466C fluidly connects t he channel s 466A and 466B. An

i nlet 466D|nthe fluidl cts_t. 2Ato,the

channel 4668 464y M&%ﬁﬁéﬁ%@g@e%mﬁyl ’]@ﬁ g&‘f?én Té?d 422B to

the Channel %cewcoulth%rmb@h@f BehBér mdthetﬁ?er té 4é’¢§n@ﬂh€ sSSGRE Lo the
by . we

interior ds 8, for exanp spray menber 190 “ext ends
t hrough an opwallraigs mMeﬁerabbhﬁ)rmad ef sta1pleas ﬁed671"hargdand§1eat6et462 mey bé e. g , by

03/ 023840 PCTFOSS3/ S R53 74 AN PHE S5 el S b e S eun il ot 150 ar o

fluidly connegeghifso the passage 422C. The interior menber 464, the outer
pl ate 467 and the surrounding wall 468 are preferably forned of stainless

steel . The guard h®thaefetgrepayigwres &mwﬂmomecwémgem@@ ipgludasr ews

with small standoffs hol,di the scr.e I h reference
P Fi gures 19 nfuenes mighiie 128 A0Far e Ral 42 Som IRt Vg e Fon
nmenber 478 angxaiploUARopaiag 479 féesdahifongh tHian g 1é:zy4mlﬂa afl optiiag exanpl e.
An openi ng 479 extends throu%h the outer plate 474, and an open| ng 476D

ext ends t hr ougho®R ﬁ’eteil‘iﬁté?qugh rmmbem418p|$éplr4l|w ehanRplcd 7647484 i s 10
formed in ﬁhe 6%%3'1% 195he 268 4@2 ﬁh{ﬁ Rﬁ’%ﬁ%@%lf%%%kﬁtef Q]ﬁteqﬁ er plate

474 fluidly connec passage anne an outl et
passage 476Cfluldly cﬂnmeas ﬁmqatatsﬂge Hﬁ’@mémghm B76A, dndeanfdudlet massagnel -476A.

The interi 478 dth t | ate 474 f. d of
S1ai nl'ess ot cdTE@ Ay Hemeds it ardoah o Rrdlogt s TR o
secured to thﬁle?rﬁy%fm éﬁ%@uué?p@@rmy\b&&rmIf&n&tiadf@&ﬁﬁtéssn@eﬂwg the

screws off of the walls. Preferably, the guard heaters 462, each have a
surface area (iheesuitableanetali Atherguerd' heafen i olay beaedured touhe a@%@ 43(063}’\/0I umre

rati o of east ef er abl gyard heaters 462, 472
each have?g Sa?r]e\gégfnélsg%ﬁt gags%ﬁ%/ﬁ%%at D0 Bt t\gg‘ée jout 0.2 and 5.0
cm/cn8, and nost pregérgblghthy goirddeetets 462541m&lcﬁnﬁve aﬁuﬁﬁcecimqusseﬂ above,
the tenperature of the wafer environment (i.e., the chanber, 410 and the

fluid(s) ther éinggrior's lrpvaédlérfa%ng swéarer)dp velpmeefin @f g i et MO eani ng
o0 oL, B o5 O el s il et 4 pont ol
between about 0 ” and 5.0 em?/cm’, and most preferably of about 0 6 com/emy’.
20 As discussed above, the temperature of the wafer environment (i.e., the
chamber 410 and the fluid(s) therein) is preferably controlled during and between
" the cleaning and other process steps. The temperature in the chamber 410 is
controlled using the guard heater assembly 460. More particularly, a flow of
temperature control fluid is introduced through the passage 422A, through the inlet
25  opening 466D, through the channel 466B, through the passage 466C, through the
passage 466, through the outlet opening 466E and out through the passage 422B.
In this manner, heat from the temperature control fluid is transferred to the guard
heater 462 to heat the guard heater 462 (when the fluid is hotter than the guard
heater 462) or, altematively, heat from the guard heater 462 is absorbed and
30 removed by the fluid to cool the guard heater 462 (when the fluid is cooler than the
guard heater 462). The lower guard heater 472 may be heated or cooled in the

same manner by a temperature control fluid that flows through the passage 4324,

234 .



tenperature control fluid is introduced through the passage 422A, through
the inlet 25 opening 466D, through the channel 466B, through the passage

466C, t hrewgis/essao passage 466A, through the outlet openi rEM@EdE280d out

through the passage 422B. In this manner, heat fromthe tenperature

trol fluid t f d.t d t d
hoat er 462 (whiBEodh TR A1 AR iR s 1€ b Bedte 2
alternatively, omgjmmm@@r&Mﬁg@mgQZ is absorbed and 30 rem)ved by

the fluid to cool the guard heater 462 (when the fluid is cooler than the
guard heater 462). Thetemperaiureceniw! Ruidseraytrernysyitgide Ruid prferblygol ed in

bassage aa2a TSy SRREBIASGUAR PR b bt Sroh gty B bal Bt s ng
476B, through theatenaiineithed Ehllynt br progblyhb glyoul, DRivtheREAi(dighéhfbbxidand

through the pas e 432B. The t erature control_ fluids be any
suitable flui dand#?glpe@y bIPQ}W@e“P -dichlggphengene).migprgk ol H\’!Pbﬂi‘be%t er,

et hel yne gl ycol,.ohiRE nyﬂﬁog y&o%mﬁer R Q’h?ogmaﬁe yﬁ)ﬁlgg&lﬁ Mist Qrg?%éﬁlg rthe

et hel yne or propelyne glyco
Dowt her m E, ( Otedipetatnoe odnami nals araa HiEYeA0%0mlix tuidodfi Wdtémnme&atm@ﬂyoel m ner al

oil), Ther m no chl ¢ | nat bi phen Most preferably ,
tenperature co 5’1‘1 é‘e t,eg%aag %15%5 WW&P@%%?@FC’&Q&? ¢ yne
glycol. The fétéﬁn@'hé@é’r h%em@amgy Byc@ayd ﬁyhﬁ@mlﬁbmm&ms%@%géﬁct ric,
gas-fired or 10 steam heater. The fluid nmay be cooled by any suita [é neans

such as fluid oniekareple, Offvgpor@pammsaongefn\gaqgupn txpopor evapiooaivedypd. ger at | on

450, 230" ar e spaced IR FH-SRRHLMIRY Fl? S g A BoRe ek Fu BRR B
that subst ant i @fing a@mvlating gap K70 GRbEwRE Bl EsbskhBiallf éreldWRE the guard
particularly, an insulati gﬁwgap 470A i s defined between the 15 outer pl at e

467 and the adpeatantoSdr?-oee praticeialy. sarrsubriseaep dRRA dndithgd bebvegndhe

r ef er abl a t he
Ut oundi g wel Tt 26and e aBBLEA AR RR, #4R Ron a6l HORLREIIPRR. "]
width B. An iprsferatly hay ayajoltdX0 @i msuietﬁmgm 478Bvie dafitiddchetwitanrthpl at e _474 and
Prof or abl y. - eattfounciog "pdohent IS s-emiinl o s Sand el e pdonbr e
preferably, eaghigliating gip Wd@w’%leﬁn&l B&tdeén i ot&?ér‘ﬁ?a%éu‘ﬁpﬁ‘l&tthgaéja@éﬁ@ 10 mm

and nost preferably about 1.0 The insul ati ng tﬁ may serve to
substantial | y sumouadiog wtaH@OéfOﬁnQﬂﬂewa;mgcﬁﬁtandlhlaabwd . a]?mfermmfeadlgﬁl ng

thr OthpUt’lOOf tthh Sidths 5&?@ ang C ;g Q‘?leaﬁ%‘.’i %m.nlgiogea Breferably, each of the widths A,

B and C is between about 0.1 and 10 mm, and most preferably about 1.0 mm.
The insulating gap 470 may serve to substantially increase the efficiency,
controllability and manufacturing throughput of the system 10. The insulating gap
470 may substantially thermally insulate the guard heaters 462, 472 from the
25  casings 420, 430 so that the effect of the temperatures of the casings 420, 430 on
the atmosphere surrounding the wafer 5 is reduced or minimized. Restated, the
insulation gap 470 may substantially limit the thermal mass that must be heated or
cooled by the temperature control fluids to the thermal masses of the guard heaters
462, 472. Accordingly, the temperature of the process fluid may be controlled
30  such that it is substantially different than that of the casings 420, 430.
While a fluid flow heating/cooling arrangement is ﬂlustrated and described
- above, other means for heating/cooling the guard heaters 462, 472 may be

employed in addition to or in place of fluid heating. For example, electrical
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470 may substantially thermally insulate the guard heaters 462, 472 from
the 25 casings 420, 430 so that the effect of the tenperatures of the

casi ngs 49 03438840n the atnosphere surroundi ng the wafer PET/BSRedwCced or
m nimzed. Restated, the insulation gap 470 may substantially limt the

t hermal mass t t h of. cooled by the.tenperature,control
fluids to the P %Eesrt%? c%@%@é,a&gggp%itodﬁégﬁ%ﬁgtﬁ%pgy t%@’f,wai@f maxb&or di ngl y,
the tenper at ur erofidddia thy aeesbedidriy6l, @y, be controlled 30 such that it is

substantially different than that of the casings 420, 430. Wile a fluid
f1 ow heati ng/ cool i ngVih refergaeretndigure 1By aptepare chamher asssoblt9A adsordéng ot her

for heati j 7 b | oyed i
addi 1 on o or ' AeErale R A Bk By dion oM hale, THR 35 wo
03/ 023840 PET/ kiSBMbRADIIA diffess Somnigeassanbly 400 ogly indBaitgn@drd Beatadi at e heat

directly to the wafer) may be_ praovided in the guard heaters 462, 472. Wth
reference to FP&GW&&%‘?O%&&F%%wg‘@%WQ%%g yeisdily47BooRlase ebtgi ng  to

alternative e i t L YL Nk i thetein,.Jhe 5
Rsserbly 400A o Frarg erp 810+ P ELRERBer MEUTRy b SRRR R RUNE L, O,
assenbly 460A {dyerset5fl, # it Whidbsrd insuinatcured toathe casingsl42044R), kaspedtiaely. of t he
i nsul ati ng gap 470. Jhe ard heaters, 462, 472 ma e secured to the
insulating |ayers Ijgi}r_ls%%nﬁﬁlﬁyéﬁ rle‘ﬁ&nmf%ﬂ"?]%%@@éPganis@ﬁ%rﬁé]“@%(‘%%erﬂm,
430, respegi Vehoth as‘ﬂ@rpm@él\@mo@&ﬁhaa@e&é@@, Pﬂ"??y(gﬁl%{ftel&%ﬂﬁ&f)fﬁﬂeﬂée)t ?fy| ene)

crystalline fluoropolyners 10 such as P (EO orotrifluoro
PTFE (pol yt et r BMF@dpolsvinylidens)diflenride P\Bapfefahdy \the mphiatieg kydis #7 Lot T3k

PTRE or gl ass. ITadt BH TRk ordf B a TEE thaiilip lpger 191"
honey- conbed, apEM78ehdsbetionePcodbiE ks el sér dBér@seQonstaRMdigured to
enhance the insul ati ncgqoperforman,ce thereof. 15 Preferably, the guard heater

assenblies 460?01_11‘@9‘}!? enfancstisginpyatenari@enaneetheeat ures in the pressure
chanber 4195 aN0i N9pEOHL AL rafich: Meoicd TGH SEFR L ot pRETiboat er
2 the at nosphe

assenbl i es 460, 460A are adapted to provi eat 'to re’in the
pressure chanbtmpttBums irathegxéssurachaieer dfl 0 aingimp&dm=BOut § WliloeX) Ercond. 20

g : EZ 2 3: g g Egggef%% ly;{f')g cg%é%i}l}%g]@;rgs%exggﬁésn&%, -'f' (_)4 arAé3a%a1g¥lgél gc:ohprgxei‘ifdle rtllgatttcr)] ©

the atmosphere in the pressure chamber 410 at a maximum rate of at least 500

joules/second.

Pressure chamber sealing system

The casings 420, 430 which define the pressure chamber 410 also define a
fluid leak path 3 (Figure 15) at the interféce from the pressure chamber 410 to an
exterior region 7 (e.g., the ambient atmosphere (directly or indirectly)). The

25  sealing system 450 is adapted to restrict (fully or partially) the flow of fluid along
the fluid leak path 3.
’ As best seen in Figure 15, the sealing system 450 includes an O-ring 452,
an annular cup (or chevron) seal 454, an annular spring 456 and an annular
retaining ring 458. As discussed below, the combination of the seals 452, 454

30 serves to improve the effectiveness and durability of the pressure chamber seal.

The retaining ring 458 is fixed to the flange 424 and extends radially
outwardly toward the flange 434 and below the recess 425. The retaining ring 458

may be formed of stainless steel or other suitable material. The retaining ring 458
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fluid leak path 3 (Figure 15) at the interface fromthe pressure chanber
410 to an exterior region 7 (e.g., the anbient atnosphere (directly or
i ndi rect | wo0o3/02k82025 sealing system 450 i s adapted to restrdmwsoefulory or
partially) the flow of fluid along the fluid | eak path 3. As best seen in

Fi gure 15, the seal in S 450 | udes Orl n 452, an annul ar cup
(or chevron) <B&0yssa 63% g’ﬁmﬂ REF ¢ %‘Bgﬁ’%‘/%@ ﬁﬁ‘fﬂl’%ﬁle thige 'énl ng ring
458. As di scusggehdel ow, the conbi nation of the seal s 452, 454 30 serves to

improve the effectiveness and durability of the pressure chanber seal. The
retaining ring 458 'i'fsdupﬁw 4654 is stowil iadggure® 46 andiléxf@mga}"miua@td herein

t dly t d the fl 43 th The
Fing 458y DO Ak BrEa] bt S adenur GRG B R AT BEhal | The
retai ning 13 nandSRhesbe WOhAH 03AALACTLS03L240021 (oY e sauad L0 (he

fl ange 424 by any suitable neans, for exa hreadéd fasteners. The cup
seal 454 is shdamb mrprﬂmg@m@vqslda@ﬁﬂweal) E@se@balthera@y ug@*dalbeprmsnnzqéeans

any self ener ed S8 ave porti such 5
fhat s “unen  ne Bt D sitin iR RRAGELS PEhl QB il £ 2Ty MGG

pressuri zed C\Vb@m&éﬁrﬁﬂo thegresneanembeéniao tHerddiefosal skal. tTHR o&p@,éamsu her eby
internally pressurized and caused to exert an outward force agai nst

adj acent surfa}@@lgd@rane@np\ﬂéweiﬁbwa@éé%%ﬂmaeéifql?nwW@l%rf@@ééf*@ t@ﬁ&nber) to
thereby forgn a,g6al oulNGak ?45%@!&d aqulﬂﬁ %e?ﬂgw)%er«% ner wall 4548
‘ll ? I'd to a% an

joined al ong an annul ar nu ar outer wall 454A and
defining an annul arThehapred] 4684Optefeeatdy mutéfﬂgfmmdsﬂalﬂe@kﬂﬁe tesilpnef er abl y

unitarily formed qf bl.e resili ferabl the cup
seal 454 i's {oPREGRloFT fsf Wﬁyerheaﬂupﬁﬁ%l e paar EobAmerse LRPIFEES danage

when exposed tQud ?A’%’iﬁ Eﬁ@kﬁos@@%&dém@é @Ol» ”Shiﬂ&ﬁe nfa'té:'ﬁfs'lﬂélh&‘éj pol yners
and el astoners, PTEE (Tefl'on(r), DuPont), fill e 15 PTFE, PTFE

copol yner s andﬂm@ggolmhala’selmnéﬂsl weh amB&FEE (Ecﬂ@ﬂ e@él/l’pm(),ﬁ"}lledne

ol y( ot hy! Ehe) TOEIPE i bPierhmailiedcurng for SRR PRt o tiiefoncor,

PVC, acrylic mbbyﬁﬁ-di , TéindF pOTYPRItser haghly wable plustied, aﬁdi}QaﬁiBI’S such as
neoprene, Buna- N, and E[EI chl orohydri n-based el astoners, Suitable seal

material s can BRyEBYisBeRFEd W flshighraelsey wrightpalyethylesel. R g Road
South, South VXcPﬂ?ccHo’lym&I, £88d f‘)olymers, and various elastomers, such as neoprene,

Buna-N, and Epichlorohydrin-based elastomers. Suitable seal materials can be
20  obtained from PSI Pressure Seals Inc., 310 Nutmeg Road South, South Windsor,
CT 06074. |
The cup seal 454 may be secured to the flange 424 by affixing at least one,
and preferably both, of the inner wall 454B and the fold 454C to the adjacent

portions of the flange 424 and/or the retaini’ng ring 458. The inner wall 454B,

25  454C may be secured to the flange 424 using adhesive, for example. Preferably,
the cup seal 454 is retained by the retaining ring 458 without the use of adhesive or
the like.

The spring 456 may be any suitable spring capable of repeatedly and
reliably biasing the outer wall 454A away from the inner wall 454B (i.e., radially

30  outwardly). Preferably, the spring 456 biases the cup seal 454 radially outwardly
beybnd the flange 424 when the casings 420, 430 are separated (see Figufe 9).
Preferably, the spring 456 is a wound wire spring or a cantilever type spring having

a shape similar to, but smaller than, the cup seal 454 and nested inside the cup seal
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The cup seal 454 may be secured to the flange 424 by affixing at |east one,
and preferably both, of the inner wall 454B and the fold 454C to the

adj acent wooistoessas of the flange 424 and/ or the retaini ng RATMER458107 The

i nner wall 454B, 25 454C may be secured to the flange 424 using adhesi ve,

for exanple. Prgferabl e C eal 454 is retained. t he ret ai ni ng
ring 458 witholt t Sﬁélég ﬁéqléaﬁeggaéléfa%?ne{l‘ﬁtléppfl%@?d?ﬁ@"g%?is{}r‘.@l'4 may be
any suitable S@ﬁhggssm@%ent@granfmte@%mta@dup sl b v DUARDKAG of e outer
wal | 454A away fromthe inner wall 454B (i.e., radially 30 outwardly).

Preferably, tHdaegnafithgprosisioniod eesspring 486,5he eunt seab454 medy bt Foymedtsaas @ v
b d the fl . casi t ed . Fi
0y *"br of or abi B E At ShEHAL Bt DO Q0Rtols £ HaB cBel O RAGELEL S iber 1ty pe

spring havisng 456 miwbeonitet had tHe@up el 4smhialgeb“e bhBed WhE n6 ihes@R biad 54 and
nested inside the cup seal _-37 WO 03/023840 PCT/ US02/ 24007 454. The

spring 456 is pref etPyingdoagdisposepin the sepoyad3st Braftrably, the Ebring $5kis
spring 456 may, J I « WM c gl 4 ditionto
or in place os'fe p‘%ﬁ%%@%&?dsollvgﬁggp g?ﬂé%%%?%%%gSg?le?ﬁgh%tﬂ%églel%cro%g4 may be
formed so as tdefornmbie, amilientreaterial. Prefsrably; ther@athgt43e isvedrinsd 454, 454B

apart. Moreover,, the. sprin 456 e omtted and the cup seal 454 may
be provided w3 #iOBeRGHRFRH ?fﬁ?.rer}g%h& @e%'ﬁ’&gé@ 5 @”BF%&%@@@aTWPTt he
groove 439 Prr%foﬁfeﬁﬁ,ga)ﬁ nﬁ&l@pr@fe&émﬁoﬁéﬁPcl\)/? Tﬁ@@%’i@dﬂzﬂf gﬁ@d QLAQHE FRan DY an

d
interference fit. The Oring is fornmed a deformab resilient
mat eri al . Pr eftbe &btigg 432 1Ot i gade8 Btates (ifeqrwhed tf cagings dROsB30mer i ¢ mat eri al .

More preferably, the OQ.kin 2 is.formed of byppha-n or neapr ene, and
nost pr ef er abl %P%rﬁgao‘fﬁmﬁ 'ﬁlﬂ'gggarl?oﬁﬁorh%gﬁleg Hpg ggi] g’&@ﬁ\t%%? oV t he
O ring 452 is dbatrhés fael4@eded state (i.e., when the casings 420, 430 are

separated; see Figure 9), a portion of the Oring 452 will extend above the
abut ment face 436. Wheniherasipgsd28gd3Mare closed the eupcsealtts, is cantured hewesgn 454

i s captur bef w ; . 4 ] hagures 8 and
15. The sgﬁi né*‘%@g‘q%ﬁ%‘?“eéﬁﬁ%‘ %&gﬁﬁ’s‘%ﬁgﬁ gsngaﬁ%g% 2%%%‘5“@%5&&%\/\5 S 434A
and 425A, r espealisidsdidyandViieB apiiast thdreatied 344 Ond 429, esspuctivetd Whey ehet he
anbi ent pressure, . th ressurge ‘ﬁ erted in the channel 454D forces the
wal |'s 454A and*M#BREr HJaF Prestigizeh o e i ihrabien Ry PR uLe Hici RAEFS U R BRI TRE wi ¢ h
the respectivenighd 954540 cande 4ARMS L0 b 04548 SpdPORGhIo tidher GHBreS@Ring* 54
provi des a secure, prinmary seal that
engagement with the respective walls 434 A and 425A.
20 In this manner, the cup seal 454 provides a secure, primary seal that
prevents or substantially reduces the flow of the fluid from the chamber 410 to the
O-ring 452 along the fluid leak path 3. The O-ring 452 is thereby spared
potentially damaging exposure to the process fluid. Such protection of the O-ring
452 may substantially extend the service life of the O-ring 452, particularly where
25 the process fluid includes high pressure CO,. Accordingly, the sealing system 450
may provide for a high throughput wafer manufacturing system with relatively
long-lived seals. '
Notably, when the chamber 410 is pressurized, the casings 420, 430 may be
separated somewhat by the internal pressure so that the O-ring 452 is not well-
30  loaded for sealing. Because the cup seal 454 serves as a primary seal, a secure
sealing arrangement may nonetheless be provided. However, in the event of a
partial or complete failure of the cup seal 454, the O-ring 452 may serve to prevent

or reduce leakage of the process fluid to the environment. According to certain
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prevents or substantially reduces the flow of the fluid fromthe chanber
410 to the Ovring 452 along the fluid leak path 3. The Oring 452 is

t her eby syarwmd23gaot enti al ly damagi ng exposure to the procexa/fsoaizeho7 Such
protection of the Oring 452 may substantially extend the service life of
the Oring 452, particularly where 25 the process fluid includes high
pressure CO2. erdhodinerniy(the assenabls 480 may bsyadepsad 4%t thatethe Prung 482 widr a hi gh

t hr oughput waf ar ri . it elative | opng-.1iv seal s.
ot ably. e LAY R KR AR B BhE el b b Ebrng oo S 566, e
separat ed someelated Byeskure sb tHaethad-ripg @St peesS@iddddhd b Yafagin@rotesds i s not
wel | 30 | oaded, for sealing. Because the cup seal 454 serves as a primary

seal, a secur dluides i Q9248 imerydaskith #a/Oriinecton exieadedmeriodoaf titeel.  However ,
in the evegt of a hal : g élur f . the cup seal 454 the
Oring 452§may ser v\gﬁ %%{hgrﬂél\%lr?ﬁ R%&;bgﬁ&g%lsﬁéggg%sgh%qc Qrﬁgsuf:‘frotfé’@%%un?’l uid to
t he envi r onmenhe seAlin@effeqtiyehass ofiht @i s3B 450013 BeRNrhintdBOR (AR &,

enbodi nents, the ,ass&&%l y,40%énay be adapted such that the Oring 452 will

al low fluid tdhpliasohibgsiring: &% mey provsgropssrrlmapraiornmecy Hathisevato is at

at least a s t : [ ] nessyrjized and no
damagi ng proc gxgege r?%uﬁﬁ?iyé&vé%&%"@% %e&tﬁ@%&@n\%{‘%@%&%&?% ?\é for

ext ended peri attsogpheti¢ flvid ibtothechantber #1Lihdough thl @uithasbeith 31Notablgthe

at nospheri,¢ pressure.of vacuu the sealing effectiyeness of the cup seal

352 w1 LGof AR EiS BrAReL 2 miaty v pRbngs PR e mssiongtate. may

provi de some R dritehd? @bIPbABRCEIuly Harh Rl S0 B¥EOLring hiterifP ri ng 452 may serve
as the primary seal to prevent or reduce | eakage of atnospheric fluid into
the chamber 410 thPsefgtebbhand pvillustragesl the®hing 4 Rceabigarranpend0 isd butspher i ¢

fluid (typicall ' [ I b1 not include hi ncentrations of
C2 or ot her. kyéyﬁpag}r?é%?ré&ﬁﬁg3’+a§¥ﬂ\§fr1&r%?ﬂforpgoqeﬁtsaf}epfersig“qhgfq‘gpfeéwre Preferably,
and as il | ust eatrgtking Meckantsiner tASQupsseal 4540l RiWs0 P 8sERITE rbltivel P W biak Y P
arrangerreng sqg that po slidjng_conponents are present, The pressure

energi zi ng rreé?lrﬁﬁf@rﬁ‘%@@%%uﬁ%@aﬁ@mﬁéh? HWSntien assisbinghingmizinigahe vel y | ow
e g e g fre™ f : . ely !
| as orce El%ameo%wag%cfé%mm‘;%%cq%ggﬁ%ﬁgw nt%%/ nggk SV?HJ& &&ﬁ%ﬁy st in

m ni mi zing thé generat| any parti etrl to the
waf er 5. The dipnsgde otswisemyicirted ot leated srethe presstuedthambrasshady.i Twbhe
pressure chanmber ass ly. T or re of the cu eal.s 454 nmay be
arranged in s&f &5 %ﬁetggﬁx? ﬁeg\{\s?ﬁjiraay{%ﬁaﬁg#ﬂn% R& thedlud ieg?ipé‘% her ei n,
it will be appreci #t&f thd@dscliftRonaRidmh, #edvilPBe Mpréciated that the combination of a

20 cup seal and an elastomeric O-ring seal overcomes certain problems associated

with high pressure sealing of CO;, holding vessels that typically neither an
elastomeric O-ring seal nor a cup seal can overcome. In particular, elastomeric O-
rings are generally not long-lived when exposed to high-pressure CO; and then
rapidly depressurized. Cup seals when used as pressure seals typically require a

25  large pre-load spring to enable the same vessél for vacuum service. Such large

| pre-load may cause greater friction and wear and, thus, generation of
damaging/contaminating particles. In accordance with the present invention, the
elastomeric O-ring may be externally energized (compressed) when required to
~ establish a vacuum within the chamber. |
30

Wafer holding assembly

With reference to Figures 19-22, a wafer holding assembly 520 according

to further embodiments of the present invention is shown therein. The assembly
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20 cup seal and an elastoneric O-ring seal overcones certain problens
associated wth high pressure sealing of CO2 hol ding vessel s that

typi cal | ywoeistohgssoan el astonmeric O ring seal nor a cup saalT/€sR/2e00er cCoOne.
In particular, elastomeric O- rings are generally not |ong-lived when

exposed to high-pressure CO% and. then rapidly depressurized. Cup seals
when used as %}Qégﬁm used insplaca,p ?F}}m}‘é&ﬁmépﬂss epg%raéer&ﬁ@mbéhéﬁ%ri ng to
enabl e the san@igee39) othrividAHEE NG 16 She gﬁegsk}ré SHelfper RésEmbRAMOMAY cause

greater frictionm and wear and, thus, dgeneration of amagl ng/’cont am nati ng
particles. |n widldertdtercapprictated fremphefdiowingdesot ptom, theheafechddihgmer i ¢

Oring may be extern ergi ze onpressed) when rgquired to. .establish
a vacuum wi t hi%seln%@ %@%E\Bes gé&‘ﬁgﬁ%&‘oﬁf & ﬁ@teésoél §ﬁ"b‘l1§/§\%w 13 %‘iﬁaé??eélﬁee to

Fi gures 19522, rc@iniaé Gvraféi‘@h‘ﬂlbé‘@lu@ﬁSQQFB[Vhﬁ@o@e@?@&%@@iff&&tiﬂ&@@a’ted by

enbodi ments of the present invention is shown therein. The assenbly”™ -39 WO

03/ 023840 PCT/rogbon ofithe hudf22may be used in place of the chuck 510 in a
pressure chanber a B (Figure 1 ot herwi se.correspondi o the
pressure chamber aﬁgﬁgﬁ%%m ffo’aﬂ"??ce%@SBQ%PP%W%{?%*E"E%C?5%@1%‘%
fol | owi ng desgilirplidy@as sHoe, wiahelof apslichgars Seokiend 2ArvaRll HE6S the fEPStr at e
hol der or platen or_chuck 522 and is adapted to 5 retain the wafer on the

chuck 522 by rissAce VB andpadialby pevardly srithrespast tgarrentizlagtation axisaEi on of t he
huck 522.14Th 2 - , '
curface 538 ATHE HopR ik AR (ol BBbm e o e SOR SO ORTRRV R o g

rearwar dl y frahe thhek 522 fronsthe rearaudae 328do naitcwhferernial wantlkblyS26iBt formes pect
to a central rotatjon axis k. E 10 (Figure 19). A plurality shown, four)
of passages SZBK‘%&?‘E%&I‘%I%' ﬁquﬁﬁ?élngaPﬁ}éO‘@%‘&_&‘Qe%éQf gli‘%\??ks%gggé’éwn urface
528 to a circupdigneaidsatdls RBRNEId PREE bRBEtard Rich AR dHaQR1) ssEpf ace 524. A
plurality (as shown, sixteen) of channels 526C extend radially outwardly
from and f I ui dhddigenahecinugzierentipl dhanteds @hbshosin) sRFEluidiydionnen tie channels

ci rcunf erqﬁtiﬂﬁg%ﬁhannel s (not shown) may fluidly connect the channels 15
526C. As sho ' Figure 19, the chuck 522 is nounted on a driven shaft 530

for rotation therewshbwaheFigired 9| Bk ahhdkt22 ididotntedlon AgiveReh&0FRkic222 i S
rotated, the inpeller vanes 529 tend to push or force the fluid between
the rear surfde@tigpthergyyth about the rotational axis E-E. As the chuck 522 is rotated, the
impeller vanes 529 tend to push or force the fluid between the rear surface 528 and
the adjacent, opposing surface 412 of the pressure chamber 410 radially outwardly
20 inthe directions F toward the outer periphery of the chuck 522. A pressure
differential is thereby generated beneath the chuck 522 between the inner region
(i.e., nearest the axis E-E) of the chuck 522 and the outer region of the ch\ick.
More particularly, the pressure in the central region (including the pressure at the
lower openings of the passages 526A) is less than the pressure at the outer edges of
25 the chuck 522 and the pressure in the chamber 410 on the side of the wafer 5
opposite the chuck 522. As a result, a differential is created between the fluid
pressure exerted on the top surface of the wafer 5 and the pressure of the fluid in
“the channels 526B, 526C.
In the foregoing manner, the wafer 5 is secured to the chuck 522 as the
30 chuck 522 and the wafer 5 are rotated. In order to retain the wafer 5 on the chuck
522 prior to initiating rotation or during process steps without rotation, and/or in
order to provide additional securement, supplemental holding means may be

provided. Such supplemental means may include, for example, adhesive, clamps,
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t he adj acent, opposing surface 412 of the pressure chanber 410 radially
outwardly 20 in the directions F toward the outer periphery of the chuck
522. A prexeesreess4di fferential is thereby generated beneat lraiesochuwok 522
between the inner region (i.e., nearest the axis E-E) of the chuck 522 and

the outer region of the chuck. re partjcularly, t pressure in the
central regi onarlq/‘?f(ﬁ“lf&%ﬁ%al]g’ I‘%nﬁ’iagglﬁ?gurétdlﬁﬂémlql G%W%gb%g‘ﬁ@ hegyafene
passages 526A)h&lﬁidg%éniﬂl‘;ﬁﬂsﬁh'@scmé’cﬁ&l}ﬁﬁ at the outer edges of 25 the chuck
522 and the pressure in the chanber 410 on the side of the wafer 5

opposi te the chuck Bith refsgenge teBigures 23-25,faf wafenhdldingisgstemeédi edcdodinggen t he
fluid pressur xerted,.on the.top surface. of the fer and the pressure
of the fluid | T an iR 8T s e senbigtetion it SO FUREBUY nU R ARE St he

wafer 5 is secicRdes @whﬁ@h@ﬂdﬂﬁé@s@é@b@%ébﬁﬁd ﬁ%y%@t\&‘é@dk{?@ﬁac%'lihﬁ%u\é@fjfﬁ S are

rotated. In order to retain the wafer 5 on thé chuck '522 prior to
initiating rot &3 passyre dharbagasserobly06: (Fignrei2Bhotherist erfespondangitodhe i n

order to provi it L r t, .suppl enental hol di ng nmeans be
or ovi ded. " Suchb Sabt bR s e AR AR Fasnli el b SuREG e ™
clanps, -40 Won@3w0d84). PRI AISSABI2A0QTs fafiht provadedexdties RialghstickBper at ed
pressure differentjal_assenbly such as the wafer hol ding assenbly 550

descri bed bel o#seMp$8Pef erence to Figures 23-25, a wafer hol di ng system
551 accordimg to f ] i ty.l i I.6..shown

t herein. TO; systemﬂgwge ?ﬁ%g%%&%&&a Oélﬁnﬁof%?%lgl@ggg%@%’@g&}aaeﬁd may be
used i'n pl ace bfldingassembikSHlcludes asyisests hoklee bapihen caskheidds .40C ( Fi gure
23) ot herw se cprr-espondi to.tbe ressur hanber assenbly 400 (for
clarity, certaf Péq%éﬁé‘?’i?lg?lngﬁ% q8d ”ﬁklﬁg%)%y AR § pr§%§‘?£fﬂqgéal
assenmbly 400C pgwhel thh BrestrO ¥ 18 Pradbirl cBariBG A DI0d BLd p&_@ssu@esa%%ﬁ‘ehe(et%%g; 10

As will be better appreciated fromthe follow ng description, the wafer
hol di ng assenblle B8gnstincriyel exstem §8 it adapied ho ey thechptkadBrelative totbk 552 and

is adapteg.to_retain.th er, o.on the chuck .55 nmeans, of .a pressure
differentia rggsmugee%aﬂ?er %irades o r?aﬁ’u?%seﬁﬁg%g’lﬁ‘?cilygq\‘/?é‘ﬁ%e@r:elﬁﬁbelé e
pressure at anclomtht®{nantely, a shhf So@gREtHe@ashg ¥30)SYE bRINbE 8PpreSiapd At @k t O
drive the chuck 552 relative to the 15 pressure chanber 410 wi t hout

requiring seal VA h?lﬁ:@@tswmﬁeim t_?eelllséﬁ1 W @Wvg@na@gmm@damm y, a
Pol di ng. syet ert BT i patembly 40 by be BRA3AR SELALBE B R (e
Turning to the magnetic drive assembly 580 in greater detail, the assembly
20 580 includes an upper housing 585 and a lower housing 584. The upper end of the
upper housing 585 is received in the casing 430 such that a gas-tight seal is
provided therebetween (e.g., by means of a suitable sealing device such as a
gasket). The shaft 560 extends through the housing 585 and is rotatably mounted
thereon by upper and lower bearings 586 and 588. A seal 561 is positioned

between the shaft 560 and the housing member 585. The seal 561 is preferably a

&)
h

non-contact seal. More preferably, the seal 561 is a gap seal (more breferably,
defining a gap G having a width of between about 0.001 and 0.002 inch) or a
labyrinth seal. The seal 561 may also be a lip seal or a mechanical seal.
An internal magnet holder 590 is mounted on the lower end of the shéft 560
30 for rotation therewith and has an inner magnet M1 mounted on an outer portion
thereof. The internal magnet carrier 590 is disposed in the lower housing member
.584. A pressure cap 596 surrounds the internal magnet carrier 590 and forms a

gas-tight seal (e.g., by means of a suitable sealing device such as a gasket) with the
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magnetic drive assenbly 580 may be used with other wafer hol der nechanisns.
Turning to the magnetic drive assenbly 580 in greater detail, the assenbly
20 580 i nelouasee3sam upper housing 585 and a | ower housi ng S5&4AvuSbbe4mwpper end
of the upper housing 585.is received in the casing 430 such that a
gas-tight seal is provided therebetween .g., .by nmeans of a suitable
seal i ng devi cdo¥erndzd the loyashaising nmbegﬁgﬁt Vi s Bapasicge pﬁﬁ%l{fg?ﬁptﬁa%’é

housi ng 585 angdgiys. nkah h%grﬂaﬁ &ds 1 AR ImbY obREH: 18Rl o UL ar | NS
586 and 588. g%}gﬁ F@%? @g 0S| tlls%ned Z%QLet weengt eggsﬁg%t O5 alrlllg t he
housi ng nenbenth&&my chiter tbeappebbdusing membar 85| fjora theymessu@vhanbersdll . More
preferably, the sea] ,561 i.s ap seal ( e preferabl efi.ning.a gap G
having a width of bie%%HmQB&fg ”8“’6%’% Oé’rfggé‘? _Tnﬁ‘@ﬁ?r %gr“' ﬁeld&wf”ﬁ‘ﬁth seal .
The seal 561 Ry 280 B AithBIP dHERHevde ACHREAAPHGAlicaN9 Biverhil & foRa!
magnet hol der 590 1I’'s nodnted on the lower end of the Shaft 560 30 for
rotation ther euefetablynen klestrigally duieon unitg de dvdvenpiidB@ds eperable toudtate porti on

t hereof. The intger magnet .carsier 590 is. digpnosed in t.he | ower . housing
renber . 554 et SO BeEs 6L Fus B ety £ STt eer B or 590
and forns a o@9-it irdhhted @akhd afl 594 Bk rHRAOS tiRfrewRitls UThoddi@nd edddnethsl@yi ce
such as a gasket) with the -41 WO 03/:023840 PCT/US02/24007 |ower end of
the | ower houdi%3ds dispered imthe hopsing membandite but iskeecprricdlyrand dadlzgoe  and t he
upper housiyng ‘ - L i | gi.ds
CPor . Rt eropRach SRl ok SREIC L RS B ReORY Lot leSRE: Walhel B0 S 10
A drive unit 59&siu® caps06 ednericiin ragsivQ igmohekd 08 4he ckiendmagaeunit 5
582 may be any suitable drive devLif such as a hydraulically driven unit
or, nore prefoldeppy2 forfotigrtheredih y driven unit. The drive unit 582 is
operable to rotate fols M9 4nd VRt a8 XL 18068 bt Pt RRUsidg,grenber 584.
An external magnet ’ﬁ‘oellg%@e{swg%flsngountedlonythe&ghag’t 594 for rotation
therew th. Theoefipwed& surhdgha thdyakcmagnai@ally soutilsposad anothe¢rthdn Hosisi ng
menber 584, but is chani y d fluidly 10 separ.ated fromthe internal
magnet hoﬁéer BYFh ’F‘ﬁ%negs?]&bs Uf%sematﬁﬁ’é‘ﬁl}/eﬁ% %Vg?rﬁ‘éalg’p‘:i%glg g]l?eee’g fEl11596. An
external mag nerﬁa%\@t hSldErRMt-ad dinthtl eabBENRIdTBY0Ind thabiteahe S S0
rotation therewith. The nag_rll]ets ML and are relatively constructed,

arranged and andriid ghafti®0t dhysidhe ehivgk SEThayy beaotaiagriataneeatioy oEdgsiridd t o one
another. In thj #85 manner, the magnets ML, M2 serve to indirectly

mechani cal |y coupl€ the external nmagnet holder 592 and the internal nagnet
hol der 590, and t heTinagdriedc dHad 4ss&Bdly S80 may be any suitable drive assembly with

20  suitable modifications as described herein. Suitable magnetic drive assemblies

include the BMD 150, available from Biichi AG of Uster, Switzerland. Moreover,

other types of non-mechanically coupling drive units may be used.
As best seen in Figures 24 and 25, the chuck 552 has a front surface 554.
A countersunk passage 556B extends' fully through the chuck 552. A plurality of
25  channels 526A extend radially outwardly from and fluidly communicate with the
passage 556B. Additional circumferential channels (not shown) may fluidly
connect the channels 526A.
As shoWn in Figure 23, the chuck 552 is mounted on the driven shaft 560
by a nut 558 for rotation with the shaft 560 about a rotational axis F-F. The shaft
30 560 has an axially extending connecting passage 562 extending therethrough. The
nut 558 has a central aperture that allows fluid communication between the
passage 562 and the passage 556B. A passage 563 extends radially through the
shaft 560 and fluidly connects the passage 562 to the secondary chamber 565
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and the shaft 560. Thus, the chuck 522 may be rotated by operation of the
drive wunit 582. The magnetic drive assenbly 580 nay be any suitable drive
assenbl y wiads/02230suitabl e nodifications as descri bed her @éavusseitmbl e
magnetic drive assenblies include the BVD 150, avail able from Buchi. AG of
Uster, Switzerly a DAL EQVIRE nﬂ% | cal | upling
drive units my 1e usedsé?lAtg B%%S'?ﬁ egn%%qﬁﬁ%hg&r%?' aﬂ%wz@% eﬁeﬁgﬂg%k 552

has a front sumbmcentd&ibeal (Agcaigapseds onk Igbarathgreal Ferhiax beatisctéd by t hr ough
the chuck 552. A EI ur al i t}é/. of . 25 channel,s 526A extend radially outwardly
from and fl ui dP§s %%ﬁi‘ﬁh?re S HMGIPOpRRIAcEen GetViesh Hie prgeRurg @amber 410 and

ci rcunf erenti akhClasRlPcHanYer S9WN) may fluidly connect the channels
526A. As shown in Figure 23, the chuck 552 is nounted on the driven shaft

560 by a nét 558 fdm outletbobim thé hdusingemahladrt585ahiidly@ohnatythe sdcbndway axi s
F-F. The shaft , 30 5 ha ) Lal |y extending conn [ Q. passage 562

ext endi ng t her (31&““’9%%5385 wfﬁ’efﬂﬁk@S%X‘ﬁﬁi“‘i hay raa‘faT‘éFpegf”éﬂP@PX FPRPCHS # ows
fluid comuni c@bivaestBelonses atd£stBRAES 2GR 588 i a assage
563 extonds rag ey through Lhe Epary B0% Mo gﬁgggﬁgg@cﬁsﬁ

passage 562 tomajdesdbmiidiag prifiraabesuigbl partird ciaeu@3/ab23840 aPCTdedB02124007

defi ned bet i th ft, 560. Prefer th | 561
e " hon- cont APTELAPSAG. it el ot B ingtiehy 1 LERL Y2 by Bg- o
restricted16! owalvp 34 d9adly tahndatsavilde Srahdfer dbvERPRONeCALd @au@ﬁtp%%gtotth@

pressure chanb?r 410 and the secondary chanber 565. 5 An outlet 564 in the

housi ng nenber iBgEA49) yi dl y connects the secondary chanber 565 with a |ine

L40. A line L41 havi MRl LB U dl f e i r 566

and a storage tank gggsfsoéf?ﬁgffnl\%g)ef%qM%&%%gﬁvﬁéégﬁﬁré{)gr u&@gwﬁ%%be a

throttling oritdthe chucksS3uiA pizkairpsrirovtiedcinabe steragaktak 368ahatdsless theedl e
her et hr.ough. A |line

val ve adapted_ to provi a controlJed limt on flo
L42 having a 1@%%?8“\?%%?fl‘tmoawf%’&ﬁﬂ%ﬂeésuae ?Wﬁwﬁfﬂﬂé%ﬁﬁﬁm%&}ﬂ)weﬁzo
(e.9., a VasuugdmLHighs. t]ﬁnin@%roéebﬂ?g,'%‘%val@"ﬁS@Ys% H%@?oéth%?ﬁﬁe@&o‘d& in the

foll ow ng manner to secure the wafer to the chuck 552. A pressure is
provi ded in t hehamber 262 i plagedds Quidwommuni¢agion wittathe stdregeqtrgs $68 whiok t he

at nosphere in pr.essur. er 410 under typical process 15.conditions.
ur g or ocesst g R BVER S ue Sl 68 nb ¥Rb SonbinEiet e YRR
employed to generate the pressure or vacuum). In this manner, the pressure in the

chamber 565 (and, therefore, in the fluidly communicating channels 556A) is less

- 20 than the pressure in the pressure chamber 410. A pressure differential-is thereby
generated between the upper surface of the wafer 5 and the backside of the wafer
5, causing the wafer 5 to be drawn down onto the chuck 552 in the direction D. -
The flow restrictor 566 serves to limit flow of fluid from the secondary
chamber 565 to the storage tank 568, thereby providing a controlled leak. The
25 controlled leak serves to ensure a that sufficient differential pressure is provided
across the wafer 5 to hold it in placve without allowing undue loss of the fluid from
the pressure chamber 410.
Preferably, the pressure of the storage tank 568 ié greater than atmospheric
pressure, but less than the pressure of the pressure chamber 410 during the
30  intended processes. The storage tank 568 may permit gas that is drawn from the
pressure chamber 410 to be cleaned and recycled or otherwise disposed of.
| Alternatively, the storage tank 568 may be omitted or bypassed such that
the line L41 vents directly to atmosphere when the valve V30 is opened.
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chanmber 565 is placed in fluid communication wth the storage tank 568
whi ch serves as a passive |ow pressure source (i.e., no punp, conpressor
or the |iWw®dm23sopl oyed to generate the pressure or vacuwgr/udon/24dor s
manner, the pressure in the chanber 565 (and, therefore, in the fluidly
comuni cating channels 556A) is |less 20 than the pressure in-the pressure
chanber 410. A pr et pradsure ef tatairadspheretih ereghryssugparhembtedl Ohie theesamet he

upper surface of the,wafer 5 and_,the backside of the wafer 5, causing the
wafer 1o be PR HEMIORRS R AR B PRoVHeS i Aaier B S5ra@ | o
restrictor 56G6g@F wRnitRerk hfdsphdr@Wvied fidil wgﬂsféf&eﬁéefm%ﬁW@Mate&twber

565 to tthe storage tank 568, thereby providing a controll'ed ['eak. The 25
control | ed | eatduse theggessurean therabambeh3S touéssithanghe putissureinethe pedssypeessure i s
provi ded agross_the fer 5 to,hold it in place withaut allow ng undue | oss
bt Uhe 11 urd_erahber et P desiriskam el ofBRetts ABfelentel ARt Ir oo
the storage t aifer58nithis gv@altRE vAIRaW 306816 RAGMI Ghe PAIRSVIL & opeHéd.| ess than
the pressure of the pressure chanmber 410 during the 30 intended processes.
The storage tank 58girmplypBenysiendSlineperatde thr ganarats vpieshiee indhessur e
chanmber 410 t I rw.se.di,spo of .

Al ternativel yghgﬁjgi:ssﬁrggg%ﬁ?g% E&gé%gﬁgs)ﬁé%@%l%%{ %lglé%gél? "}%3’6%5‘2%’7&%%%‘8% t hat
the line L41 va0fsmddhereptdfarably, bdtwoeapitaues whe DO bhidessal ve V30 is opened.

-43 WD 03/ 023840 PCT/ US02/ 24007 1f the pressure of the atnosphere in the
pressure dBanber 410 is the sane as or less than the pressure of the

passi ve | ow pn W @sﬁ%&&e‘%nléér-ew the storage tank 568 or the anbient

at nosphere), the ura transrer device P20 may be operated to reduce the
pressure in the chdbeprag@enber 186ss ddsambddrebope eswell es the sphag numatsssr e 5

chanber 410 tg.generate..t desired anount, o ressure differential  across
the wafer 5. O G37 Go@ihetelopianyar gerse Mo iiletpeen ubidpiendl s
opened.  Pref @5 aRl drfadd 6 tRYWERM Boedyver, REIAD) BehBed PRANA £diBtrbuggsure in
the channels 556A that is at least 1 psi less than the pressure in the

pressure éhantsaeam pdthesmiuigpihet iveerperaids nyechpricaleastion fon the fluiddupBcpsi | ess.

10 Rotating s e r d i 0 wel | as
the opray nenioPeRts. ThiiedBhe ARBTH echeiy e TSl LOBP oBARARAERE T
deli ver proceske flhidistisantcorginiglont of the spay saunitege of the wafer. Mreover, the

spray nenbers provide a distributed
pray P Design o?the spray member (including, for example, number, spacing and

sizes of spray ports) may be used to selectively control the use of the energy
20  transfer/mechanical action. Additionally, simultaneous rotation of the wafer may
serve to generate shear (momentum) between the fluid and the wafer surface to
further facilitate removal of materials from the surface.
With reference to Figure 26, a pressure chamber assembly 400D according
to further embodiments of the present invention is shown therein. The assembly |
25 400D may be the same as the assembly 400 (certain aspects not shown in Figure
26 for clarity), for example, except for the provision of a rotating spray member
assembly 600. The assembly 400D may include a rotatively driven wafer holder
510 or the wafer 5 may be held stationary. The spray member assembly 600 may
be used with any of the above-described pressure chamber assemblies. Notably,
30  the spray member assembly 600 may be used to provide relative rotation between a
spray member and a wafer without requiring a rotating wafer holder.
The spray member assembly 600 includes a spray member 602 as also

shown in Figures 27 and 28. The spray member 602 includes a shaft portion 610
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15 stream of these fluids that incorporates nechanical action fromthe
fluid/surface inpingenent. This nmechanical action is generally the result
of the noweni3wassad the fluid stream com ng out of the sprrgr/vseehens Design
of the spray nenber (including, for exanple, nunber, spacing and sizes of

spray ports) may, be used. to_ selectively control the use of the energy 20
transfer/ mech&ﬁ‘%/ bagrshared stribripn Rqu%ﬁil%,A%??‘ﬁﬁ PasiRas i 2 cxteads Boman t he

waf er may seg, G801 Ahed BRAR grfr;c;pﬁ LUl t he

waf er surface Pgerto?ﬁrtﬁer faci Iitgtﬂg eng%/gpa(%‘?&?mﬁ\?gﬁ%#}g@%%%nt egsurface.
Wt h referencdattrel pisspged226n the portemdizle Acteaiebef sprayg poind §24430Ndaeonotidi ng to
further enbodi nents_qf e, present i,nventiqn i.s shown therein. The assenbly
25 400D may bB2$SARE tg%l%e‘ﬁé o5t &1l %ﬁqhﬁglsm’ﬁ@apﬁﬂ%é& Thé @K hown i
Figure 26 §or nfhibel 652 mak B fENRARY & highF6BHaf Ry §H6le REAM I3 f31g rotating
spray nmenber. a;sseenbl y’mg 0. The asse I};g/ 40%D rr}éy iﬁ(ﬁ‘ﬁ uég}aﬁgﬂrgoatgé?’tl?vel y
driven waf er - higindess ste6li0 or the wafer 5 may be held stationary. The spray

menber assenbly 60Q pay. used .wi.t,h any of . above: descri he ressure
chanber assenbi i _es.%tﬁ%"g%;% (,)lgg\efl%h]érb?Bgssﬁ%%%%fmgg%‘é%gyﬁgéﬁa?&??ﬁe used
to provide relflahde/63 6ftthé berinh GBORSBcAvedSR AR orftl4 ANef @ Wi t hout
requiring a rotating wafer holder. The sglray nmenber assenbly 600 includes a

spray menber 883ags4Z) skhe berouh630is prejerrely sieeyndeadng atshownr Ae nenber 602

i ncl udes ayshaft. i - @f PA@_ P 1 24007. .
bar - shapego di g% ri Eqsitoor{r?\{yp%:@f%% 0. ]%%/Eg.%l a ,pagge{af%%g& 1%6 gg?rglﬁzés}%fl%m an
upper openi ngfé@iedad®@TEFERE: ough the portion 610 and fluidly conmunicates with

a lateral passage.622 in the portion 620. A series of spray ports 624
extend fromthe pgggé momg]c}r?’ﬁ%ndlsék&@llghgl?tk@ﬁn%w%’Id}{aﬁéﬂﬁpgqﬂ%ution

portion 620. 30&1@3%@% féng%me.rm&?d y64h%sg&h/g@?gn%néd@%gglc¥ssiﬁ§w@§j vely

stable material such as 3 stal nl ess steel. earing i xed within
a passage 427 therportien 425 anf a20theflahge bth, far exfahgig dydRRadifig.t Prefdadyi ng 630

o 2o E ) Do BARSRS SR8 BB S SRS o o
o5 PITE PETseRusk cavlagun st g i st nel T
overlyi ng t hesynpinlee Bipch ft thedlovnef macess Huidkie ditestyd Haenahacbassngeid2 casi ng
420 in and into the passage 612. The fluid continues into the passage 622 and is ‘ '
dispensed through the ports 624.
20 With reference to Figures 27 and 28, the ports 624 are angled with respect
to the intended rotational axis N-N (see Figure 28) of the spray member 602.
Preferably, the ports 624 are disposed at an angle M (Figure 28) of between about
0 and 85, and more preferably of between about 30 and 60. The pbrts 624 are
angled opposite the direction R (Figure 27) of intended rotation. .
25 In use, the reaction force responsive the fluid exiting the ports 624 (i.e., the
hydraulic propulsion) causes the spray member 602 to rotate about the axis N-N
within the bearing 630. Notably, because the bearing 630 is mdunted internally
(i.e., within the high pressure region) of the pressure chamber 410 separated from
ambient pressure by the end cap 640, the bearing is not subjected to loading from a
30  substantial pressure drop thereacross. |
Alternatively or in addition to the hydraulically driven rotation, the spray
member 602 may be coupled to a drive unit. The spray member may be directly or

indirectly mechanically coupled to the drive unit (e.g., using a bearing/seal/drive
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the portion 427A and over the flange 616, for exanple, by threading.
Preferably, 15 the end cap 640 forns a gas pressure tight seal with the
casi ng 42Wo0 oBhessand cap 640 is adapted to receive a suppl yaiupeeoess fluid
(e.g., froma supply line 9) such that the flow of process fluid is

di rected throu%\iﬁa ssag e, 642 ﬁnd into the assa%e 612. The fluid

continues into 80%2%% g’él) gomiag Rg npr-meghaieallyoupled dagh using a pennling624. 20

Wth referencefiree Fir@Wc6 1 e i respect
r@Hc88midncdidtr %ﬁgnétﬂe(pgﬁﬁe{n%relé %g)cﬁé : oxtalﬁg&cglgrrl-?n%r@

to the intended rotational axis N-N"(see Figur y nber
602. Pref er abF9uplinge Pune er @Ddf the porti 63doney babriamed palabeltd (Hel gltre® 28) of
bet ween about roQat?orth- , and nore preferably of between about 30 and 60.
The ports 624 are angl'ed opposite the direction R (Figure 27) of intended

rotation. 25 In useA dphf meabéd 652 5aRsS SRS e¥Bok ' Lt ng the.
ports 624 (i.e,, the hydraulic propul S|gon) causeesot enféélpéflay ﬁ)é%‘\l%l:car 602 to

rotate about tHYeBSQIsMAY ke usgdtiniptace hbthp epray myers38 . 60R@hd nfith anpet tiese t he

bearing 630 is i . nal | . wi thin the hjgh pressure region)
of the pr essurgd?g@régp Hﬁitfg{ugs%poa#%at“%a&ﬁ%erﬁpr%e £T ﬁ%ye]g"étﬁ‘rsé@?miuﬁé end cap
640, the beari 660 il cootessatdis e thedpia® rhed@sb 602 LX QM fhat AR b%HQﬁE@&‘t I al

t he

pressure drop thereacross, Alternatively or in addi-tion to .
hydraul i cal |y @isiripuHoR geriop R0 is welagyst with a platerear dédoshapgd distribotigd ed to a
drive unitjgTh ABAREL n 3R, L ' ihdirect chanically
coupl ed tol(% heﬁ%rrﬁ?f\i/gy%m t ’(’(Ea.pg. , ggf"%%y §&{54e§7r‘ffr?5‘7‘%‘2§13f%?1 J\;ge g%@"\/ﬁ&e
03/ 023840 PCT/ {i8aRp@4067A manbd modiffedgur ati on) or may be non-nmechanical ly
coupled (e.g., usi ng.a %gugl i nig force for electromagnetic or nmagnetic
(permanent , el ect r ot "B OF ARRRSEREsH-thAtivarieys of theMveRigons deerribed herginpbayfe t he

ports 624 may & ArtBGRUnRRE Abin® thitGolithe niy }%; \%&fﬁg 5 Blds Q0 oM A SPray

menber 652 according to further enbodinments o presen I'nventi on may
be used in pl adesoipeeifisalipdisgussashabore G0R regeadd v the paefyrred embelimbats.egoi ng

nodi ficati pns res. The spr r 652 has a_shaft portion 660
and corr esg%ndés;{ P ggﬁlﬁeeﬁg%r}sﬁg %eﬁ%og f@?@% éﬁ’faf'?rﬁ&ta hek may B% Raploged
di stribution porhldathePpesofisabitacadinwitid? tPpddl Aheoceties . $ KpraBaAR& ot

distribution 10 portion 670 having a fattern of "spray ports 674 formed
therein. The paVel¥ig ©f2 emwatesiabrcatios).t Ehasupphiecoeerysyiitém 800 and thei | | be

appreci at ed t Nl i OiSreBF mh e LGS LIRSy IGRE LA PEADRLSIAAR0N e

o

containing process fluids, such as chemical mechanical planarization (CMP)
20  systems employing CO,.

The foregoing is illustrative of the present invention and is not to be
construed as limiting thereof. Although a few exemplary embodiments of this
invention have been described, those skilled in the-art will readily appreciate that
many modifications are possible in the exemplary embodiments without materially

25 departing from the novel teachings and advantages of this invention. Accordingly,
all such modifications are intended to be included within the scope of this
invention. Therefore, it is to be understood that the foregoing is illustrative of the
present invention and is not to be construed as limited to the specific embodiments
disclosed, and that modifications to the disclosed embodiments, as well as other

30  embodiments, are intended to be included within the scope of the invention.
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and as reflected in the clains that follow may be used for processes’' other
than those specifically discussed above with regard to the preferred
enbodi menw® 03kas8445 exanpl e, the means and net hods for holmimgsoa2vmfer to a
chuck may be enployed to hold other types of substrates, in other types of
processes (e. Q.5 tyn ving CO2 or wafer fabrication). The
suppl y/recovery@i’%ﬁ@%gsg%@l@?%ubsystems t hereof may be used in other
systens and processes using C02- containing process fluids, such as
chem cal nechani cal planarizatiaon (ICM?) 20 systens enploying CQ2. The
foregoing is illustrativeé Bethopdongleaning a minreslectmomicasubsirae thé methode
construed as ”cﬂ;}ngi?ig thereof. Although a few exenplary enbodi nents of this
i nventi on have been scribed, those skilled in the. art will readily
appreciate that many nod)fi C@Iaic'@ﬂg&h@&fbsﬁ@t%%Qb?es&lﬁebﬂﬁnﬁ%e”pl ary
enbodi nents without materjally, 25 departing fromthe novel’ teachings and
advant ages of this inven éon. Cisgwating sppogess fid ingludmgrdedsd phzat COps ar e
i ntended to be incl Nal f thisy.ibnventiqn. Therefore, it
is to be underst oodﬂgﬁg%h%%ghﬁéégg%ﬁggf%gipf cha uid Fondacss 8’("?’?@"“{%%@%%
i nvention and is not to be conpdicaktyimadulaiing tephhe ¢tk EDEALfiLE ABRPHI NNt S
di scl osed, and that nR.di fifﬁ%[i ons. to the disclosed enbodi nents, as well as
ot her 30 enbodi ment 8°TQF &% FitS Fieplapae thsarersssflvidt hi n the scope of the
invention. -46 WD 03/023840 PCT/US02/ 24007 THAT WHHICH IS CLAIMED IS: 1. A
met hod for cleaning a mcroelectronic substrate, the nethod conprising: a)
pl aci ng the substrate i nThe pedod of €laimalyberecithe siep ofibabilathgahopeess f1 uid
i ncl udi ng dens hr.o it he. chanber sych that the process fluid
contacts the sﬁggp? glﬁ de an%&ucgﬁgl@%ﬁtoc%lcsa‘ﬁgﬂtﬂn fFRGVIRE EQsitpsathst t he CO2
during at | easthambepdutingon I@fst 4 Bertioh OP tHafst& ' - id. 2.
The net hod of %2_1[ 1 mhgtca)a:ei n the step of égcgfgg%:lg%a?lggnéﬂgmgég%g@%é# ui d
i ncludes intro ({)Qg CX2 into the chanber and renoving CO2 fromthe ‘
chanber during at least a portion of the step of cyclically nodulating the
phase of the CO2. 3. The nethod of (A aim1l wherein the step of cyclically
modul ating the pha$e of TheeetBd@of Gtiimdeshabiansé fep bheyBRASEmefulkiig, 002
from ScC02 to {hi%Hid ) ) =
e phase of the CO, includes changing the phase of the CO, from ScCO, to liquid

CO, and thereafter from liquid CO, to ScCO,.

4. The method of Claim 1 wherein the step of circulating the process
fluid includes supplying CO; from a pressurized tank.
3. . The method of Claim 4 wherein the step of circulating the process

fluid further includes removing the process fluid from the chamber using a low

pressure source,

6. The method of Claim 1 wherein the step of circulating the process
fluid includes removing a portion of the process fluid from the chamber and re-

introducing the portion of the process fluid into the chamber.

7. The method of Claim 6 including the step of filtering the portion of
the process fluid between the steps of removing the portion of the process fluid and

re-introducing the portion of the process fluid into the chamber.
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CX2 and thereafter fromliquid CO2 to ScC02. 4. The nethod of Caim1l
wherein the step of circulating the process fluid includes supplying CO2
froma pressesrozzsgd tank. 5. The nethod of C ai m4 wherei n RGOTRUSRRP0DT
circulating the process fluid further includes renoving the process fluid
fromthe chanber using a |l ow pressure source. 6. The nethod of Claim1l
wherein the step of circulating the process fluid includes renoving a

portion of the proceds fl| Uheimpthodnof Alimitantiedinante st€p of Edmiag '&H%QH"&}]
t he chanber. 7. Ttﬁ% met hod gf ai m 6

ti f th |- it
"ncl udi ng theesﬁtgfggfc’%ﬁs[ :%?Wlhtg e BRtweqthie siep ebrsmbvingdhdret ween
the steps of rqxsnmomgfmb@rmfstﬂ@@aﬁﬁretiﬁgom(%igé ,Pf"hwz{‘?ofﬁ%dﬁg§ ‘?eﬁ gg%g%um ng

t he portion of‘&he process fluid into the chanbe

PCT/ US02/ 24007 the ghambgs. net hod of C aim 6 including the step of conbining
the portion of the process fluid with chem cal adjuncts between the steps
of renoving the portion of the process fluid and re-introducing the

portion of the proceks flThetnéthbdof Clakn ¢ RAHEBEH thester, 9 aiml
wherein the Sti& f lically nodulating the ph%eegﬁﬁﬁ@gwu}aﬁggudes

or ¢y ! : !
cycling a vari BhQ/SSIOgFP@ gladesiqyclinhe vanathodolome@enicen 1 wherei n t he
step of cyclically nodulating the phase.of the CO2 includes alternating
C02 mass flow between a supply of CO2 and the chanmber and between the

chamber and a | ow prldssurkhesuethakof Gibiet &iwhetdi theSdPd deyef; H2nd a.

hi gher pr essure e”lim hgtzﬁe%qnb%r and the | ow pr essurecsyglucrace ‘1déla§bga | ower
pressure than {hEPhass Clapnclygss Bee 602 arass fow wheeesiasupple of OOBES S
fluid includes aafens dambePgid RS n 12 ,Qfecdalm L i ncl udi ng
exposing the substrate to chem cal a%hayr}gfgﬁ%glﬂg}lp{e(sjsué?(f)(&(ienﬁ’rﬂ?ﬁ@ e

substrate to dévwRRlY gh&©e iR higler pkwirertiah ol cfan(Beabid the 166 breddusource

introducing a ¢ L onpr j, Si stored chem cal adjunct and stored
dense phase C&Q%{%qﬁhéﬂ@ﬁsésu eetggn%‘(gﬁg%?%éntly. 14. The method of Caim 13

including filtering the conmposition prior to introducing the conposition

to the chanber. gt
11. The method of Claim 1 wherein the process fluid includes chemical

adjuncts.

12.  The method of Claim 1 including exposing the substrate to chemical

adjuncts prior to exposing the substrate to dense phase CO,.

13.  The method of Claim 1 including introducing a composition

comprising a stored chemical adjunct and stored dense phase CO; to the chamber
concurrently.

14. The method of Claim 13 including filtering the composition prior to

introducing the composition to the chamber.

15. The method of Claim 13 wherein the step of introducing the
composition includes:

delivering the chemical adjunct to a reservoir;

delivering the CO, to the reservoir to form the composition; and
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15. The method of Caim 13 wherein the step of introducing the conposition
i ncludes: delivering the chem cal adjunct to a reservoir; delivering the
C2 to thwamaesssoir to formthe conposition; and -48 WOKA/GD38407

PCT/ US02/ 24007 delivering the conposition fromthe reservoir to the
chanber at substantially anbient pressure. 16. The nethod of Caim13
wherein the step of i ntrdadiveringthelvempogitipwibin tha rdsesloitde stie dighibvesti ng t he

chem cal adjunct to a tcotf.r]ﬁ(ﬂti qgi unit; delivering the CO2 to the
condi tioning unit t3CPEFHRPHE ﬂ%&?ﬁ??on; and delivering the conposition
fromthe conditioning unit to the chanber at greater than amnbient

pressure. 17. The nethod of Caim 16 including, follow ng the step of
delivering -the confbsi t Thsrmethodof GkimdAditierain ithestemof introdudieg thbanber
delivering a s .chem,cal  adjunct to a second conditioning unit;
del i vering C@&i%tgﬁ%ng@é‘g%ﬁ conditioning unit to forma second

conposi tion; and del i verddm@eﬁxl;%m%%ﬁé}ﬁféawmﬂciééﬁhdﬁtﬁd?fi%%\li}ﬁtzsecond
conditioning wunit to the chanber at greager t han anbi ent pressure. 18. The
met hod of O ai m 16 i ncl uilingring e 1CEhita the doadisionmeammitdeforme thierngmpbiiton;
conposi tion fromthg,conditioning unit to the chanber: flushing the
conposition fromthe conditioning unit with dense phase C02; delivering a

second chemi cal adjunct defivetiey thedeinpoibdiBomithé condipdiNehning 2 to the
condi tioning unit Efgmf@gr m a second caonposition; and delivering the second
conposi tion fromt HAtEr ST i Amblent presgare. chanber at greater than
anbi ent pressure. 19. The nethod of Caim1 including draining the process
fluid from the chanber followi ng the steps of circulating the process
fluid and cyclical Ily. nolhelm¢thodjof Glimhiasecluding,Hell &g the step of delivering

the composition from the conditioning unit to the chamber: ,
delivering a second chemical adjunct to a second conditioning unit;
delivering CO; to the second conditioning unit to form a second
composition; and
delivering the second composition from the second conditioning

unit to the chamber at greater than ambient pressure.

18. The method of Claim 16 including, following the step of delivering
the composition from the conditioning unit to the chamber:

flushing the composition from the conditioning unit with dense
phase COg;

delivering a second chemical adjunct to the conditioning unit;

delivering COs to the conditioning unit to form a second
composition; and

delivering the second composition from the conditioning unit to the

chamber at greater than ambient pressure.

19.  The method of Claim 1 including draining the process fluid from
the chamber following the steps of circulating the process fluid and cyclically

modulating the phase of the CO,.
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-49 WD 03/ 023840 PCT/ US02/ 24007 20. The method of C aim 19 wherein the
step of draining the process fluid includes displacing the process fluid
usi ng a pwessuessaed gas having a higher saturated vapor ma@Ezseeedsthan CO2.
21. The nethod of Claim 19 wherein the step of draining the process fluid
i ncl udes: introduci Sc to the jnto the chanpber at a higher pressure
and a | ower densi tgg*t haﬁ%ﬁ@%ﬂ@ggﬁnﬂ%WherFW the &ep phdisining thaiprasess

si mul t aneous! y flufERBMESA SR 06 Sistedd miid ufiho E,]rpg Gess,chanber to a

| ow pressure source havi néﬂ% rI‘g(r)wer9 pr essdrle1 llg.lﬁg]ﬁtr{} e gﬁgﬁigarv_mgﬁ_w e .

met hod of O ai A3tUraiadciapeli messuwstthan 662t he substrate relative to the chanber
during at least a portion of the step of cyclically nodul ating the phase
of the CQ2. 23." A nethod for cleaning a m croel ectronic substrate, the

met hod conprising: 2R) PTECMBGOE BE CRIRSII Al &eihthPstbs S’P&’d{nﬁlﬁgggogﬁsrsa?)e ina

spraying a progess fluid including dense phase CO2 “onto
chanber; and 'c?lukfiylé‘l’l}l@eéf |y nodul ating the phase of the CX2 during at |east

a portion of the step o i he process flujd. 24. The nethod of
Cl ai m 23 wherein the st e%t@@k%%%(%to ?)?“g%a@s&‘amhﬁa&ai ELBEESWSEDRHY i ng
the process fluid fatmwendapitayhamehdpfockRaiuidinBe ahahbdralhiys;
ports. 25. The nethod of Cajm 24 incl udi ng r ot gti ng trhehﬁspsfné@itarrlze%g%

)

rel ative to the substrat@VQuyingihe pieeessihiid Hpmahe pipcesy chapberdeadow! ui d.  26.

The nethod of O ai m23uiGlLadinaginE QA% ubstrate relative to the
spray nenber duri ngbthe step o? s%%&%ﬁf&gg&g%o &8 efcﬁﬁ‘?‘}i?n-SO WO 03/ 023840
PCT/ US02/ 24007 27. A nethod for cleaning a mcroel ectronic substrate, the

met hod conpri sing:,A) ovidin .Syhstrate in a pressure chanber
containing a pr oce%%‘ fl edn&h%‘?&%&E‘g"aéﬂ%lédlﬁﬁé%tétlmle§ubﬁﬁrateﬁakaﬂt’¢@

substrate is eﬁﬁ@@ﬁﬁﬂber during at least a portion of the step of cyclically modulating the phase
of the COz. ‘

23 A method for cleaning a microelectronic substrate, the method
comprising:
a) placing the substrate in a pressuie chamber;
b) spraying a process fluid including dense phase CO, onto the

substrate in a chamber; ahd

c) cyclically modulating the phase of the CO, during at least a

portion of the step of spraying the process fluid.

24.  The method of Claim 23 wherein the step of spraying a process

fluid includes spraying the process fluid from a spray member including a plurality

of spray ports.

25, The method of Claim 24 including rotating the spray member

relative to the substrate during the step of spraying a process fluid.

26.  The method of Claim 23 including rotating the substrate relative to

the spray member during the step of spraying a process fluid.
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to the CO2; and b) cyclically nodul ating the phase of the C02 by
alternating CO2 nass flow between a supply of CO2 and the chanber and

bet ween tWw® o3phasaber and a | ow pressure source, wherein tlrERUPPLyo0f CO2
is at a higher pressure than the chanber and the | ow pressure source is at
a lower pressure th th [...28. The. method of C aim27 wherein the
step of cyclically mQ)Z'uI at?\l ﬁgﬁg?ﬁOéc SHATE adFlcf‘FF‘ée‘@’@?lq SHestrate sheomethgd ng t he
phase of the CQORorhposm@cCO2 to liquid CO2 and thereafter fromliquid C2
to ScCO2. 29. The method of C aim 27 including the steps of renoving a
portion of the process fPlid Pioyiiingibe sukstioter inatessare chtmbel@nthihhe

portion of the proceggceds AlidinkRliRot chanmber. 3Q. A nethod faor cl%aninga
m croel ectronic subs?r At e, tl(ﬁlé1 %’?’ﬁo%ﬁsecgohﬁﬁ? &gzﬁb& %’?t'g‘lgé sHgtetihexposesbt r at e
in a pressure chanbetothpCQ,namdoduci ng a process fluid including dense phase

C®2 into the chanber such that },h process fluid contacts the substrate to
thereby clean the substrate; BFif p#HYatingtbe phase ofthet ©@; by aleesdink ui d

fromthe chanber; agd.ea j i rtiion of the process fluid
nto the chanber. 51 > Ths’ Aok RLERENEASI: BECCR sbi B Rambricntlighroon the
filtering the porti othambef andeloprmesar sohittedwhelcwe@s sty st €05 o enovi ng
the portion of the plﬁgﬁé%ss quiﬁ:I gn re-introducing the portion of the
process fluid into the cRARDEF handhe T apdthedo PETESIBE 20 @40 Bi7at a3@werThe
met hod of C ai m 30 ipredsurh tAgh thBeh&higy. of purifying the portion of the
process fluid between the steps of renoving the portion of the process
fluid and re-introducing the portion of the process fluid into the chanber

to renpve contam najgts fpQ e C;C@ 3 he .nmet hod of C ai m 30 including
the step of conbining the %%tF?do% lﬂeﬁé V%ﬂﬁbed‘gﬁ? senefeyeiiceHy omsilatiag

adj unct s bet wedhe plwse sf tpsC@f intlade\chagking R JpQkd d , ess. f I ui d
and re-i ntrodu%&gantdrlgelg%ti on of thgl@p;rrl%cesﬁsl’l flgi?tge@fo"%?n §5@62§0511qu1d’

er from liquid CO, to ScCOs.

29.  The method of Claim 27 including the steps of rerhoving a portion

of the process fluid from the chamber and re-introducing the portion of the process
fluid into the chamber.

30. A method for cleaning a microelectronic substrate, the method
comprising:
a) placing the substrate in a pressure chamber;
b)  introducing a process fluid including dense phase CO, into

the chamber such that the process fluid contacts the substrate to thereby
clean the substrate; |

c) removing a portion of the process fluid from the chamber;
and |

d) | re-introducing the portion of the process fluid into the
chamber, |

31.  The method of Claim 30 including the step of filtering the portion
of the process fluid between the steps of removing the portion of the process fluid

and re-introducing the portion of the process fluid into the chamber.
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into the chanber. 34. A method for cleaning a mcroelectronic substrate,
the method conprising: a) placing the substrate in a pressure chanber; b)
i ntroduci wg @/pssacess fluid i ncluding dense phase CQ2 i nt @eCTvis®2immber
such that the process fluid contacts the substrate to thereby clean the
substrate; c) renoving a portion of the process fluid fromthe chanber;
and d) distilling the portion of the process fluid renoved fromthe

e introduci ng Lhe separ ateq ob et o Chanpure e SRR WiCRe o

re-introducing the separated CO2 into t r. m
34 including r éf themapeesoRniddetirenspsiemtaf dem@ORg tiee sortisi afthe pkdcyssd Mad sane

condi tions as e. of N the chanber prior 1o the step of
re-introduci ngg‘{?cﬁge'@%ﬁgrcé?%gwéﬁgl%ﬁ %W@C%ﬁgﬁﬂjeﬁn.to thg chamberfpgemereof O ai m
34 wherei n t heceleastmaphassn @PCOs ScC02. 37. The nethod of O aim 34
wherein the dense phase CO2 is liquid CO2. -52 WO 03/023840 PCT/US02/ 24007
38. A nethod for cleaning a mcroelectronic substrate, the nethod

conprising: a) cleaRkng r i.n 8 progess, chanber usjng process
fluid including ooz;%'b) ?le‘gro%o&a%tf?émﬁ%@d’%ﬁ@&’&éeﬁeﬁp C?‘P@HHEH € process
chanber; c) spgaibatol g peERsk flokd witkechieafehl RERAES efldthdhe @85k hévig 09 t he
separated CO2 i.n the process chamber or a further process chan%er. 9. The
met hod of O ai HCPSTHMEdhe Progessdluidansk rerintmedusing the pesivaraftdpro@se flunic| udes
reusing the sepgs ale&flafykE to clean the same substrate. 40 The method of

C aim 38 wherein the step of reusing the separated CX® includes reusing
the separated CO2 to clean a second substrate. 41. The nmethod of Claim3 8

e e P Ol 3 O 5 SR S e Techronie Mbsirate e method
comprising:
a) placing the substrate in a pressure chamber;
b) introducing a process fluid including dense phase CO, into
the chamber such that the process fluid contacts the substrate to thereby

clean the substrate;

¢)  removing a portion of the process fluid from the chamber;

and

d) distilling the portion of the process fluid removed from the
chamber to separate CO; from other components of the process fluid; and
e) re-introducing the separatéd CO; into the chamber.
35.  The method of Claim 34 including re-conditioning the separated
CO, to substantially the same conditions as those of CO; in the chamber prior to
the step of re-introducing the separated CO, into the chamber.

36.  The method of Claim 34 wherein the dense phase CO, is ScCO,.

37. The method of Claim 34 wherein the dense phase CO; is liquid
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42. An apparatus for cleaning a mcroel ectronic substrate, the apparatus
conprising: a) a pressure chanber; b) neans for circulating a process fluid
i ncl udi ngwdersgesgahase CO2 t hrough the chanber such that trga/ysoece®s fl uid
contacts the substrate; and c) nmeans for nodul ating the phase of the CO2
while the process fiuid ) rcu ated. 43. The nethod of C aim42

i ncl uding a pressurljzgéd ta%ﬁﬁddg%f GUHES 4 FuftoglsFiranic suhsirateg theargthady t he
chanber. 44. Thengppagat us of Caim42 including a | ow pressure source
adapted to facilitate rermval of the process fluid fromthe chanber. -53
WD 03/ 023840 PCT/ US02/ 24087 ﬁ-%éfaﬁtavu%p@fceﬂ@hhmbdﬁusim prdedzg a
fluid transfer devi %i@gﬁqﬁlﬁ%@ o0 remove a portion of the process fluid
fromthe chanber and to re- tfroduce the portion of the process fluid into

the charmber. 46. The appdnat usembviahahanséd pydeesseiluld g RIS ELY lating
the phase of the C2 mgﬁl%udes a vari bI vol une devi ce. ?P e%e hgg}gglll’jat us

of O aim42 wherein the réans SFRA@ Fthe Beed myheese flofd; ek CO2 i ncl udes
a supply of CO2 fluidly nnqu@lpl{ e .and | 0 ressure
source fluidly connect abI é to the a er, eﬁgén?n{?etpﬁ%ce% fracoe is at

a higher pressure tifaﬁﬁhqrmeowmham’oeand the‘ | ow pressure source is at a
| ower pressure than the chanber. 48. The apparatus of C aim42 including:
a supply of chem cal adjunct; a reservoir in fluid communication with the

supply of chem cal 3adj urme n@dﬂ%ddﬁlﬁmg@%e efil e e ?%‘?%&’s}n%t ti:se:paratedf luid

conmuni cati on %h the reservoir; wherein the reservoir

substantially 1pflpdgsrausing e Semated'ﬁ@zamplamaithasamé s@hsadate 42 i ncl udi ng: a
supply of chem cal adjunct; a conditioning unit in fluid comunication with
t he supply of cheni cal adj unct and the chanber;

40 The method of Claim 38 wherein the step of reusing the separated

CO: includes reusing the separated CO, to clean a second substrate.

41.  The method of Claim 38 wherein the step of reusing the sepaiated

CO: includes reusing the separated CO, in a subsequent processing step.

42.  Anapparatus for cleaning a microelectronic substrate, the apparatus

comprising:
a) a pressure chamber;
b) means for circulating a process fluid including dense phase
CO; through the chamber such that the process ﬂvuid contacts the substrate;
and ' |

c) means for modulating the phase of the CO, while the -
process fluid is being circulated.

43.  The method of Claim 42 mcludmg a pressurized tank adapted to
deliver a supply of CO; to the chamber. ’

44.  The apparatus of Claim 42 including a low pressure source adapted

to facilitate removal of the process fluid from the chamber.
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a supply of CO2 in fluid communication with the conditioning unit; and
wherein the supply of CO2 is at greater than anbient pressure. 50. The
appar at uswax03@2zs4m 49 i ncl uding: a supply of a second chemaarsoadgmonct; and
a second conditioning unit in fluid comunication with the supply of
second chem cal adjunct and the chanber. -54 WO 03/023840 PCT/ US02/ 24007
51. The apparatus off>C alht apparates Qﬁﬁlﬁgnéhmqmmygmﬂumms&sdéwwd gas

fluidly connec napg ) e i zed gas having a
hi gher satur a‘tbg% {I/gep%?gmgess Ei{lo?hgﬁ‘ @ES%%S%% d‘IEFPén ﬁ‘ﬁﬁi‘l‘?@ GO t§-ai m 42
i ncludi ng a substadatethbpbaion®f aesRoddsy fluRbigiAik ghidhd;Ot at e the substrate
relative to the chanmber. 53. An apparatus for cleaning a mcroel ectfonic

substrate using a process fluid including dense phase-C02, the apparatus

conprising: a) a pr @ﬁsur?d% %05@1{%3%%@? er ogfr ati vgato spr ay the

process fluid onto t rate in

cyclical |y nodphastiofithet®®, iptiades fariabr oRdne d&4ce. The apparatus of C aim 53
wherein the spray nenmber includes a plurality of spray ports. 55. The
apparatus of Claimb54 including neans for rotating the spray nenber

relative to the subzﬁz;r atgp 4l lL.eanin oel ectronic

substrate, the apparatus ezi%p“ si ng gﬁl?kaa%:e%ipsﬁlr e@ﬂ%ﬁgér? IEIB%‘HP it ng a

process fluid Phﬁsb Qﬂthnd}OzdaﬂB@esmm@plymIOoaﬂlddty)coﬁnWtsb tRé cHaelbel bigd dl y
CO2 being at a higher pressure

connect abl e to_t he_chanber
than the charrbe;OW BYSRY %Wi?r@%@ﬁﬁ@g‘g%bg%mﬁhwweédmﬁé@ﬂém apply athe
chanmber, the C@Wlﬁt@ﬂﬁgﬂe?pl%@é&'iéﬁlaﬁﬁiéﬁaﬁ{be cpﬁ’f?ﬁovp |Ca§ ?ouﬁ'&qg fate t he

chanber; and d) fluid control devices operable to cy
phase of the efﬁfeﬁﬁ’ﬂée@ﬁaﬂ@eqh&m@elal ternating CO2 nmass flow bet ween t he

supply '
48.  The apparatus of Claim 42 including;
a supply of chemical adjunct;

a reservoir in fluid communication with the supply of chemical

adjunct and the chamber; and
a supply of CO; in fluid cémmunication with the reservoir;

wherein the reservoir is at substantially ambient pressure.

49.  The apparatus of Claim 42 including:

a supply of chemical adjunct;

a conditioning unit in fluid communication with the supply of
chemical adjunct and the chamber; '

a supply of CO; in fluid communication with the conditioning unit;

2

and

wherein the supply of CO; is at greater than ambient pressure.

50.  The apparatus of Claim 49 including;
a supply of a second chemical adjunct; and

a second conditioning unit in fluid communication with the supply

of second chemical adjunct and the chamber.
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of C& and the chanber and between the chanber and the |ow pressure source.
-55 WD 03/023840 PCT/ US02/ 24007 57. An apparatus for_cl eani ngtﬂz;s,m7

m croel ecwooisiessubstrate, the apparatus conprising: a) ﬁ)(pv e fI Gidly
chanber; b) a supply of a process fluid including dense phase

: PeLl ] 1A ) i.ncluding a still
d to the chatber ThRREp&IE oF LR 45150 steminc
?Iolrj]ingf;econnect d.to the chglr)mer gng opera?%éﬁgﬁsgwﬁpéﬁérWEd@ﬁsthe

Dy e Chy o e CeSpRTbeT heapble OrbEesoReR ey Ry ikl T 0012
' chapber. or a fu ) .~ An=apy
Egre ilegg;\?tngda m cglrt%iteflt1 é{]& o A& eat e, the apparatus conprising: a) a

i ni id i ding C02; b) neans for
hanmber containing a process fluid inclu :
Pre(r)rg\?isflgcused prOCﬁsg fluid fromthe pro;.s.s_camghagtier, t(F;)sn]greanz fgig 'ng the
separating CO2 fronrthe dSearpuaveetClaimidd indndng 8} ubw@a Oﬁ%nﬁer p)or

further process
separated CO2 berhble tPfREE TR sublAPE] Rk 2 the Chamber. -
subsequent use.” -56

53. An apparatus for cleaning a microelectronic substrate using a
process fluid including dense phase CO,, the apparatus comprising:

a) a pressure chamber;

b) a spray member operative to spray the process fluid onto the
substrate in the chamber; and

c) means for cyclically modulating the phase of the CO,.

54.  The apparatus of Claim 53 wherein the spray member includes a
plurality of spray ports.

55.  The apparatus of Claim 54 including means for rotating the spray
' member relative to the substrate.

56.  An apparatus for cleaning a microelectronic substrate, the apparatus
comprising:

a) a pressure chamber containing a process fluid including

dense phase CO,; and

b) a supply of CO; fluidly connectable to the chambef, the
supply of CO; being at a higher pressure than the chamber;

) alow pressure source fluidly connectable to the chamber,
the low pressure source being at a Jower pressure than the chamber; and

d) fluid control devices operable to cyclically modulate the
phase of the CO; in the chamber by alternating CO; mass flow between the supply

of CO; and the chamber and between the chamber and the low pressure source.
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57.  Anapparatus for cleaning a microelectronic substrate, the apparatus

comprising:

2)
b)

a pressure chamber;

a supply of a process fluid including dense phase CO,

fluidly connected to the chamber; and

©)

a distilling system including a still fluidly connected to the

chamber and operative to separate CO; from the process fluid, wherein the

distilling system is operative to re-introduce the separated CO; into the

chamber or a further chamber.,

58.  Anapparatus for cleaning a microelectronic Substrate, the apparatus

comprising:
. .a)
. b
chamber;
c)
d)

a process chamber containing a process fluid including CO,; -

means for removing used process fluid from the process

.means for separating CO» from tﬁe used process fluid; and

means for returmng the separated CO» to the process

chamber or a further process chamber for subsequent use.
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